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Entered at the Post Office at Scranton, Pa., as second-class mail matter. Copyrighted, 1898, by 
* THE COLLIERY ENGINEER COMPANY. 


New Books. | Does Steam 


“THE FLOODS OF THE MISSISSIPPI RIVER,” 


Including an account of their principal causes and effects, 
and a description of the levee system and other means pro- 
posed and tried for the control of the river, with a particular 
account of the great flood of 1897. 

Pamphlet,.7 x 10 in., 57 pp., 40 illustrations. Price, 50 Cts. 


““THE MANUAL OF AMERICAN WATER WORKS,”’ 


Fourth issue, 1897, Describes every water works in the 

United States and Canada; gives officials of each plant, and 

tells about the ownership, water rates, meters, pressures, 

consumption, revenue and expense, cost, etc., ete. 
Cloth,6x9in., 700 pp. Price, $3.00. 


**RAILWAY TRACK AND TRACK WORK,” 


Of which one of the Railway Journals says: ‘It is easily 
the most comprehensive publication on the subject yet 
issued. It treats thoroughly every topic bearing on track 
construction.’’ Another one says: ‘‘There is no other 
modern book treating so fully of these subjects. No officer 
of a railway having to do with track work in any of its 
branches can be up to date without this book.’’ 
Cloth, 6 x 9 in., 400 pp., 200 illustrations. Price, $3.00. 


Send one cent for full list of our publications, or 
five cents for sample copy of 
‘*Engineering News.”’ 


The Engineering News Publishing Co. 


PUBLICATION OFFICE, St. Paul Building, New York. 
CHICAGO BRANCH, 1686 Monadnock Block. 


[nterest You? 


Are you a maker or owner of steam machinery ? 
Are you interested in steam as a motive power 
or as a means of heat? Do you want to know 
all about it, no matter how applied, or for what 
purpose—the improvements in steam machin- 
ery, new inventions and latest achievements 
in the development of power? If you do, you 
should be a regular subscriber to the 


Scientific American. 


That and all other branches o1 mechanical 
science are fully treated of in its pages and the 
name of the SCIENTIFIC AMERICAN is a 
household word among intelligent people all 
over the world. It is issued weekly, is illus- 
trated, and consists of 16 large pages. Subscrip- 
tion, $3.00 yearly; $1.50 half-yearly; $1.00 for four 
months. Send Check, Draft, Postal Order or 
Express Money Order’ payable to 


MUNN & CO., Pubtishers, 


36! Broadway, New York City. 


; The Boston Machinist, — 


ILLUSTRATED 
WITH OVER 
40 ENGRAVINGS 


OF TOOLS 
OF 


THE LATEST DESIGN NEW YORK. 


Trial Subscriptions. 
Ra Or aie ee ea 


From any one who mentions HOME STUDY 
MAGAZINE we will accept ‘‘trial subscrip- 
tions’’ for a period of three months at the 
following rates: 


Regular Edition, - . . . 


$1 oo 
Imperial Edition, - - - 2.00 
International Edition, - - - 5 00 


[PUBLISHED EVERY SATURDAY.] 


AMERICAN ARCHITECT AND BUILDING NEWS CO., 


211 Tremont Street, BOSTON. 


53 East !Oth Street, 


Being a complete school for the apprentice as well as the 


advanced machinist, 


Showing How to Make and Use Every Tool in Every Branch of the Business, 


with a Treatise on Screw and Gear Cutting. 


By WALTER S. FITZGERALD, M..E. 


12mo. CLOTH, $1.00. 


JOHN WILEY & SONS. 
PRICE REDUCED TO $1.00! 


usiness 


The Office Paper 


A monthly magazine for business men, devoted to all 
kinds of business. 


in Sad presents valuable articles by eminent 
Business writers upon Business Management, 
Office Routine and Devices, Economics, Accounting, 
Advertising, Credits and Collections, Finance, Manu- 
facturing, Transportation and Commerce. 


68 PAGES, Price Reduced to $1.00 A YEAR. 
A sample copy sent to any one mentioning this advertisement. 
BUSINESS PUBLISHING COMPANY, 

13 Astor Place, NEW YORK. 
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s*HOME STUDY MAGAZINE 


TUES C SCC CH OH ESE OCRSESSEECEEHECEEESESEEDSEERECEDEOCS ECR EOD EER OEOS 


PUBLISHED MONTHLY BY 


The Celery Engineer Company, 
T. J. FOSTER, - - - - - - - - - MANAGER AND ‘TREASURER, 
SCRANTON, PA,, U. S. A. | . 
* 


J. J. CLARK, M. E., EDITOR. 
G. HERBERT FOLLOWS, M. E., Associate Editor, CHARLES J. HAYES, Iilustrator. 
a 


TERMS :—Subscription, $1.50 a year in advance: single numbers, 15 cents. Subscribers may 
remit to us in P. O. or Express Money Orders, or in Bank CAECEs; Drafts or Registered Letters. 
Money in letters is at sender’s risk. 
COMMUNICATIONS relating to the Editorial Dessineat of Home Study Magazine, 
including questions for answer in the ‘‘ Answers to Inquiries’’ Department, should be addressed 
( 
> 
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** Editor of Home Study Magazine, Scranton, Pa.’’ 

LETTERS relating to subscriptions or advertising should be addressed ** Home Study 
Magazine, Scranton, Pa. 

EXPRESS and P. O. Money Orders, Bank Drafts and Checks should be made payable to the 


order of T. J. FOSTER, Treasurer. 
ie oe 
Contents for February, 1898. 
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II ADVERTISEMENTS. 


HOME STUDY PREMIUM. 


Frec-Hand Drawing Course. 
Every Subscriber to 
Home Study Publications 


New or renewal, sending us $1.50 for a year’s subscription to HOME STUDY MAGAZINE, or 60 cents 
for a year’s subscription to HOME STUDY FOR MACHINISTS, STEAM ENGINEERS, ETC., HOME 
STUDY FOR ELECTRICAL WORKERS, or HOME STUDY FOR THE BUILDING TRADES, will be 


entitled to 


A COMPLETE COURSE OF 


Instruction in Elementary Free-Hand Drawing 


THE INTERNATIONAL CORRESPONDENCE 


SCHOOLS 


HOW TO 
GET THIS COURSE. 


The lowest cost of this Course to all except 
subscribers of Home Study Publications is Five 
Dollars. Every subscriber, however, not selecting The 
Mechanics’ Pocket Memoranda as a Premium, 
will receive with the number of his Magazine next 
after remitting for his subscription, a Premium 
Drawing Coupon, worth Four Dollars, which 
may be applied on the Free-Hand Drawing Course 
of The International Correspondence Schools. This 
Coupon must be returned to us, accompanied by One 
Dollar. On receipt of this, each subscriber will be 
entered as a regular student in this Course of the Schools. 
The One Dollar gives all the supplies, including the 
Instruction Paper, Nine Drawing Plates, the Drawing 
Paper, Pencil, and other materials necessary to complete 
the Course. The Schools pay postage on the corrected 
work returned to the student, and the student, likewise, 
pays postage on work sent to us, 


SCOPE OF THE COURSE. 


Free-Hand Drawing. This Course is the Free- 
Hand Drawing Course of the Sheet-Metal Pattern Draft- 
ing Scholarship of The International Correspondence 
Schools. It starts off with explanations of the technical 
terms used and instructions as to the correct materials. 
Then follow the Lessons on Drawing Horizontal and 
Vertical Lines, Parallel Lines, Line Between Two 
Points, Quadrilaterals, Method of Dividing Lines by 
Sight, Triangles, Circles and Other Curves, Method of 
Dividing Angles and Ares by Sight, Regular Polygons, 


Ornamental Curves, Hatching and Stippling, and Let- - 


tering. It is a Complete Course in Elementary 
Free-Hand Drawing. 


2 Ry ES ae 


or SCRANTON, PA. 


Lettering.—The system of Lettering taught is one 
that is coming into almost universal use in all the large 
drafting rooms of the United States. It should be mas- 
tered by all who wish to acquire the most practical and 


- generally useful system for all kinds of work. 


NINE DRAWING | 
PLATES ARE INCLUDED 


In this Course. These Plates, 944 by 12 inches in size, 
are  iaiow'g on. a very white, light and tough paper, 
capable of standing considerable handling and rough 
usage. They are fully up to the high standard of excel- 
lence of all the work of the Schools, and comprise 138 
Figures for practice, as well as a complete system of 
Lettering. The various Plates cover the following 
ground: 1. Straight Lines and Right Angles. 2. Angles 
and Inclined Lines. 3. Quadrilaterals. 4. Proportional 
Division of Lines. 5. Triangles. 6. Ares and Circles. 
7. Angles and Polygons. 8. Ornamental Curves. 9. 
Ornaments, Sections, and Letters. 


DRAWING | 
OUTFIT FURNISHED FREE. 


The International Correspondence Schools 
require their students of Drawing to use the best draw- 
ing paper and materials, because they find it impossible 
to teach pupils successfully who use inferior paper and 
supplies. In order that all those who take the Home 
Study Premium Free-Hand Drawing Course 
may be certain to learn and make progress, we furnish 
them with the necessary eps wehey viz: Twelve Sheets of 
Drawing Paper especially adapted for Free-Hand Draw- 
ing, a Pencil of exactly the right quality for the work, and 


® a first-class soft Eraser that will not damage the paper. 


ADVERTISEMENTS. 


Ill 


HOME STUDY PREMIUM. 


AN EXTRAORDINARY OFFER FOR 1898. 


eee eteeeeeee eee ee 


WHAT THIS _ 
COURSE WILL DO FOR YOU. 


It will enable you to represent objects for yourself. 
You will soon become able to do it for others, and before 
long will possess an accomplishment having an actual 
commercial value. It gives a good foundation for more 
advanced Courses of Drawing, and will be a good start, 
if desired, on the way to become an expert draftsman. 
It will qualify, in a few weeks, men, women, boys and 
girls who have never attempted drawing, by following 
the directions laid down, to draw their own ideas fairly 


accurately, with no instruments except a common pencil. ' 


METHOD OF INSTRUCTION. 


As soon as we receive the Coupon as above, we 
will mail free of charge the supplies for the Drawin 
Course. These include an Instruction Paper giving ful 
directions for study, and the Nine Drawing Plates and 
Drawing Outfit mentioned above. : 

Before attempting any work, you are to study 
carefully pages 1 to 20 of the Instruction Paper. Following 
their directions you are to practice drawing (on practice 
paper as recommended on page 5 of the Instruction Paper) 
the Figures of the first three Platesin order. You are not 
to leave any Figure for the next until you have done your 
best with it. Then you are to draw the Figures of these 
three Plates, with the utmost care, on three sheets of the 
Drawing Paper furnished for the Course. Finally, you 
are to put these three sheets in an envelope 10 by 12 
inches in size, with a piece of pasteboard to keep them 
from bending, seal the envelope and mail it to us or to the 
Schools, you paying Letter Postage. Repeat this by threes 
with the rest of the Plates. For the second three, study 
san 20 to 26; and for the last three, pages 26 to 40 of the 

nstruction Paper. 

Your Drawings will be examined and corrected 
by the Instructors of the Schools. Suggestions regarding 
errors you have made, and methods by which you can 
improve yourself, will be carefully written on the Draw- 
ings,oron a eee sheet of paper, and the corrected 
Drawings will returned to you. If your work does 
not reach the standard required by the Schools, you will 
be obliged to do it over again until you satisfy the 
Instructors that you understand it and are qualified to go 
on with the next three Plates. The Schools also reserve 
the right of retaining two or three of the Draw- 
ing Plates made by you in the Course if they 
so desire, to use themas an exhibit of the 
proficiency attained by you. No time. or effort 
will be spared to enable you to become proficient in 
Free-Hand Drawing. You will not be permitted to do 
careless or slipshod work, but will receive the same 
thorough and practical instruction as all other students 


THOROUGH ~ 
AND PRACTICAL. 


The Drawing Courses of The International Corre- 
spondence Schools are recommended by students and 
teachers of Drawing, by draftsmen, and by practical 
men in all parts of the world, who have to draw or 
sketch in connection with their work. The Schools are 
especially successful in teaching Drawing and Lettering. 
They guarantee to teach any one to draw well who will 
follow their directions. Their students make better and 
more rapid progress than those at regular schools and 


‘colleges, and their Drawing Courses have helped hun- 


dreds to get better positions and salaries. 


VALUE OF 
FREE-HAND DRAWING. 


What man not possessing this accomplishment has 
not longed to possess it? Who has not envied the ease 
with which some men can sketch a detail for the pat- 
ternmaker, the blacksmith, the machinist, carpenter, 
surveyor, or manufacturer? What working man has 
not wished that he might have an opportunity to obtaina 
first-class education in Drawing? How many consider 
that in an education the most time should be bestowed 
on that which will be of the greatest consequence in 
the ordinary course and occurences of life? 


The most important subject to the largest num- 
ber of men in this country is Drawing. With ita 
young man can gain admittance to any engineering 
trade or profession. In every industry the demand 
for men who can make drawings or read them intelli- 
gently is far greater than the supply. Mechanics say 
that no field offers better opportunities for young men 
to rise than that related to mechanics of all kinds, and 
that Drawing is the basis of all such work. Elec- 
tricians say that men who cannot make and read 
Drawings are as well equipped for electrical work 
as a bookkeeper who cannot write. Contractors and 
builders say that there is a growing demand for 
men who can Make Plans for simple structures or 
understand readily the Drawings and specifications 
of buildings. Furniture manufacturers declare that the 
ability to make even aslight Sketch showing the lead 
ing points of decoration in furniture is a valuable 
accomplishment. Employers of every class demand men 
able to illustrate their ideas. Intelligent workmen 


‘often see applications of ideas they could use to great 


advantage, but cannot at the time make drawings 
for them. Under such circumstances, even the ability 
to make a slight sketch and indicate proportions 


of The International Correspondence Schools. N would be of great value to them and their employers. 


WHOM WILL THIS COURSE HELP? — 


Every Workingman, including Machinists, Pattern Makers, Tool Makers, Stationary, Traction, Locomotive 
and Marine Engineers, Firemen, Apprentices, Dynamo Tenders and other Employees of Electric Light and Power 
Companies, Armature and Magnet Winders, Linemen, Wiremen, Motormen, Rodmen, Transitmen, Carpenters, 
Masons, Bricklayers, Plumbers, Gas and Steam Fitters, etc. 

Every Business Man, including Storekeepers, Managers, Contractors and Builders, Manufacturers of, Dealers 
in, and Salesmen of supplies used in the trades or professions. 

Every Professional Man, including Doctors, Lawyers, Clergymen, Civil, Mechanical, Electrical and 
Sanitary Engineers, and Architects. All Teachers and Students of Electricity, Mechanics, Architecture, Chemistry, 
Physics, ete. Young people whose parents wish them to be as well equipped for life as possible. 

Every Man, Woman, Boy, or Girl who ever wishes to explain anything to any one by means of diagrams. 
Every one who finds it necessary to show how to make anything of any kind whatever. Every man who can 
hold a pencil—(men should be able to sketch their ideas as well as to telland writethem). Every man living 
—(there is no trade or profession, the services of whose members are not increased in value by a knowledge of Free- 


Hand Drawing. 
HOW CAN WE MAKE THIS OFFER? 


For Any Other Magazine in the World it would be utterly impossible. No other corporation, school, 
college, or individual has the facilities for making it. Even with our Schools and < era equipment we, ourselves, 
could not possibly afford it, except for one thing: That is, because we wish to increase the circulation of 
Home Study Publications among the most intelligent classes, and because at the same time we desire to 
illustrate to the public the thorough, practical and successful methods of The International Correspond- 


ence Schools. 
Adivoes: HOME S PUDY, 


Subscribe your subscription to HOME STUDY 
—————" PUBLICATIONS, and take advan- 
& % SCRANTON, PA., U.S, A. 


or Renew tageof this unprecedented opportunity 
to master one of the most useful and necessary arts. | & 


IV ADVERTISEMENTS. 


-HOME STUDY PREMIUM. 
The Mechanics’ Pocket Memoranda 


LAST YEAR’S LIBERAL AND SILK BOUND - - - $1.00 
POPULAR OFFER CONTINUED. LEATHER BOUND - $1.50 


EVERY SUBSCRIBER TO HOME STUDY PUBLICATIONS 


new or renewal, who does not select the PREIIIUrI FREE-HAND DRAWING COURSE as a Premium, 
is entitled, when we receive his remittance for a year’s subscription, to receive a copy of 


The Mechanics’ Pocket Memoranda “ri roewe"’ 


Home Study Magazine.—subscribers to this Magazine paying $1.50 for a year’s subscription are 
entitled to a Silk-Bound Copy as a premium without extra charge. Subscribers paying $1.50 for a year’s subscription 
and 25 cents additional, or a total of $1.75, are entitled to a Leather-bound Copy as a premium. 


Home Study for Electrical Workers, Home Study for the Building Trades, 


Home Study for Machinists, Steam Engineers, Etc.—subscribers to any one of these Maga- 
zines paying 60 cents for a year’s subscription are not entitled tothis bookasa premium. Subscribers paying 60 cents 
for a year’s subscription and 15 cents additional, or a total of 75 cents, are entitled to a Silk-Bound Copy as a premium. 
Subscribers paying 60 cents for a year’s subscription and 40 cents additional, or a total of $1.00, are entitled to a 
Leather-Bound copy asa premium. — 


_ This Book is a Convenient Pocket-Book for those interested in Mechanical, Steam, Electrical, 
Railroad, Bridge, or Sanitary Engineering, Architecture, the Building Trades, Plumbing, Heating and Ventilation 
and Gas and Steam Fitting. Because of its small and handy size, 3144 by 514 inches, it can be carried without too 
much bulk in the pocket, and is a ‘‘ Pocket-Book” in reality, instead of name only. It contains 314 Pages, 
remarkably clear both as to print and text, is clearly indexed, and is arranged and bound so neatly that it is a valu- 
able addition to any library. In completeness and compact form it excels any other Pocket-Book on the market. 
It is the most convenient Pocket-Book ever published in the interests of busy men of the mechanic arts and allied 
sciences. Purchasers are universally pleased with its appearance, because it surpasses their expectationsin every way. 

It can be obtained as a Premium to Home Study Publications, as outlined above. , 

It can be ordered of any Stationer or Bookseller, who can get it through The American News Co. or its 
branches, or it can be ordered direct from the Publishers. Make Checks, Drafts or Money Orders payable to 
The Colliery Engineer Co. ' Appress: HOME STUDY, Scranton, PA., U.S. A. 
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Taught by Mail. ¥ 
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THE COMPLETE MECHANICAL SCHOLARSHIP is intended especially for Machinists, \ 
AN Pattern Makers and apprentices to those trades, who desire to study the theory of \WY 
AN Mechanics ; for Superintendents, Foremen and others who wish to review mechan- NY] 
Py ical subjects which they have previously studied and for young men who wish to ¥, 
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Machine Desig 


— 


\ educate themselves as Mechanical Engineers. ° 
. _ The Instruction Includes Arithmetic, Algebra, Geometry and ‘Trigonometry, W 
AN Elementary Mechanics, Hydromechanics, Pneumatics, Heat, Mechanical Drawing, W 
AN Steam and Steam Engines, Strength of Materials, Applied Mechanics, Boilers, \¥/ 
JX Machine Design, Dynamos and Motors. The papers on Machine Design contain \ 
\ many tables and formulas, are liberally illustrated and form a valuable elementary WV 
/ \ text-book on this subject. — \ y 
: AN Also Courses in Steam, Electrical, Civil, Bridge, Municipal, and Hydrauiic Engi- 
“W neering, Architecture, Architectural Drawing and Designing, Refrigeration, Sheet \ 
AN = Metal Pattern Cutting, Mining, Chemistry, Shorthand, and English Branches. : \/ 


WN wrenncwnnnneee Y 
AN Address, THE INTERNATIONAL CORRESPONDENCE SCHOOLS, \ 


" Box 1036, SCRANTON, PA. WY 
= ; | WJ 
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ADVERTISEMENTS. V 
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5 the Viassachusetts 
Institute of 2.2 % 


Technology 


BOSTON. 
James M. Crafts, President. 


The Institute offers courses, each of four 
years’ duration, leading to the degree of 
Bachelor of Science, in Civil, Mechanical, 
Mining, Electrical, Chemical and Sanitary 
Engineering, wn Architecture, Chemistry, 
Physics, Biology, Geology and Nawal Archi- 
tecture. A less technical course in General 
Studies is offered to students wishing to 
qualify themselves for business pursuits. 


4a- Persons of mature age engaged 

in Technical Pursuits may be admit- 

- ted without the usual admission require- 

ments on furnishing satisfactory evidence 
of their fitness for the work desired. 


Catalogues and special circulars in regard to most of the 
professional departments above named will be mailed on 
application. 


H. W. TYLER, Secretary, 
49} Boylston, St. Boston, Mass. 
VBAAPBA BABA SBA CEILS PSSPESD: 
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Harvard University. 


Lawrence Scientific School. 


OFFERS COURSES IN 

Chemistry, 

Geology, 

Botany and Zoology, 


Civil Engineering, 
Mechanical Engineering, 
Electrical Engineering, 
Mining Engineering, General Science, 
Architecture, Science for Teachers. 
Anatomy and dehdecens,' (2s, preparation for Medical 


For Descriptive Pamphlet apply to 
M. C. CHAMBERLAIN, secretary, 
N. S. SHALER, CAMBRIDGE, MASs. 


au JOURNALISM 


DEAN. 


. INSTRUCTION BY MAIL ONLY. 
A thorough and scientifie course adapted 
to the individual needs of writers. Long 
established. Responsible. Successful. 
Instructors experienced and competent. 
“ Students successful and pleased. Best 
of references. Write for descriptive 
eatalogue. Itis sent free. Address, 


“Sprague Correspondence School of Journalism, 
No. 58 Telephone Bldg., Detroit, Mich. 


e e e ; it E t ; 
The National University ory We ectdent 
Courses (including law and all post grnduate), lead to the 
usual College degrees. Instruction by mail in any desired 
subject. Established -r, w. HARKINS, PH.D., CHANCELLOR, 
12 years. Address, 15; tHROoP STREET, CHICAGO, ILL. 
THOROUG INSTRUCTION BY MAIL. 
FORTY-NINE COURSES. 


The International Correspondence Schools, Box 1036, 
Scranton, Pa. 


The Pennsylvania 
State College 2 #& & 


Offers Twelve Four Years’ 
Courses of Study....... 


Ir You WISH TO BECOME 


A CHEMIST, 

AN ENGINEER, 

AN ELECTRICIAN, 

A SCIENTIFIC FARMER, 

A PHYSICIAN, 

A TEACHER, 

A JOURNALIST, 

A LAWYER: 
IN SHORT, eth, 

if you wish to secure a training 

that will fit you well for any honorable pursuit 
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No. 1. 


HOME STUDY MAGAZINE FOR 1898. 


N THIS, the first number of the third 
volume of Homer Srupy MAGAZINE, we 
wish to heartily thank our readers for 

the many evidences of appreciation that 


_have reached us during the past year. Not 


only has the number of subscribers largely 
increased, but we have received many 
letters commending, in unqualified terms, 


the simple manner in which subjects rela- 


ting to theoretical and applied science have 
been treated. 

In the Jater numbers of Volume II we 
deviated somewhat from the policy with 
which we started out, by giving up the 
grouping (in two-number editions) of arti- 
cles referring to a particular trade or pro- 
fession. Then we reserved a page or two 
for articles on ‘‘ The Cooking of Wholesome 
Meals.’’ These will be continued in the pres- 
ent volume, and will be followed by others 
of interest to the good housewife. Another 
new departure has been the introduction of 
articles on the most interesting events of the 
day, under the title of ‘‘ Current Topics.”’ 

During the past year the space devoted 
to answers to inquiries has been doubled. 
This section of the magazine has proved 
unexpectedly popular, and our only regret 
is that it.has been impossible to find room 
for answers to all the questions sent in. 

In one respect this number differs from 
its predecessors. There is no separate 
drawing-plate or special section devoted to 
mechanical and architectural drawing. In 


future, these subjects, together with machine . 


construction and design, will be dealt with 
in the body of the magazine. 

The object of Home Srupy MAGAZINE is 
the same now as it was two years ago, 
namely, to give to practical men that 


knowledge of mathematics, physics, me- 
chanics, and drawing which they must have 
if their efforts to improve themselves are 
to be successful. The articles are written 
by practical men for practical men, and are of 
special value to those who are interested 
in mechanical engineering, steam engineer- 
ing, civil engineering, electricity, plumbing, 
heating, ventilation, building, architecture, 
or allied industries. 

It will be our earnest endeavor to present 
every subject in its true light and in the 
simplest language, to make the explanations 
concise, yet full, and to point out always 


“the practical usefulness of the information 


1 


conveyed. 

Premium to Every Subscriber: On page III 

the reader will find full information regard- 
ing a premium to which every subscriber to 
Home Srupy Maeazine is entitled. It con- 
sists of a complete course of instruction in 
practical Free-Hand Drawing and Lettering, 
under the direction of the International Cor- 
respondence Schools, of Scranton, Pa. 
_ We believe our readers will appreciate 
what this means. Every practical man 
knows that the ability to make a clear, 
readable, free-hand sketch is worth a good 
deal; he is too apt to imagine, however, 
that, just because he does not happen to be a 
born artist, it is impossible for him ever to 
do anything of the kind. This is a great 
mistake. Any one, if properly taught, can 
become proficient in making such free-hand 
sketches as are necessary to explain a 
mechanical contrivance or a design. 

The premium includes an instruction book 
of 40 pages, nine comprehensive drawing- 
plates for the student to copy, and full and 
complete instruction through the mail. 


Notre.—For all information regarding HOME STUDY MAGAZINE see contents page. 


THE STATICAL CONCEPTION OF FORCE.* 


Antonio Llano. 


ORIGIN OF THE IpEA or Force—Tue Nature oF ScrENCE—STATICS THE ONLY POSSIBLE 


MECHANICS OF THE ANCIENTS—IHE PASSAGE FROM STATICS TO DYNAMICS. 


F WE lift a heavy weight or press against 
a hard body, we experience a special 
sensation, or feeling, which we describe 

by a familiar name—effort (the same word 
serving also to denote our action upon the 
body). This sensation gives rise toa familiar 
idea—the idea of resistance to motion. We 
know from experience that we cannot move a 
body unless we exert acertain effort, however 
small. The change ofa body from a condition 
of rest to one of motion thus becomes asso- 
ciated in our minds with the ideas of effort 
and resistance ; and when we see a body set 
in motion by the action of another, we 
imagine that the latter, in overcoming the 
resistance opposed by the former, exerts 
something like an effort, and is ina condition 
of strain similar to the strained condition of 
our muscles.when we experience the sensa- 
tion of effort. Nor is this all: when the 
effort we exert is not sufficient to overcome 
the resistance, we are none the less conscious 
of the fact that we are exerting an effort, or 
tending to move the body on which we .are 
acting ; so that the sensation of effort always 
awakens the idea either of actual motion or 
of a tendency to motion. But we readily 
discern that our feeling is one thing, and our 
action, physically considered, is. another 
thing; and while we do not conclude that 
an inanimate body, when acting upon 
another so as to set itin motion, experiences 
a sensation, we do conclude that the action 
of the inanimate body, viewed in a purely 
physical light, must be the same as the 
action we exert to produce the same effect. 
This action of a body upon another, pro- 
ducing or tending to produce (or to prevent) 
motion, we call force ; and, although in this 
definition no mention is made of our sensa- 


* It is hope d that every subscriber to HoME StuDY 
MAGAZINE will read this article carefully, as it is, in 
a manner, introductory to others on gravity, weight, 
mass, inertia, momentum, velocity, acceleration, 
work, energy, etc., subjects of which every engineer, 
whatever his specialty, should have a clear and full 
conception. The articles will be as simple yet as 
complete as possible and examples will be worked 
out to enable the reader to make practical use of the 
information conveyed. 


tions, the idea is implied that the action 


referred to is of that kind which, when 
exerted either by us oron us, is accompanied : 
by the sensation of effort. 

The preceding statements relate to the 
idea of force, as it naturally develops in our 
minds from our common experiences, before 
we are acquainted with the discoveries 
and theories of science. Experience is the 
source of all knowledge, and, as was 
remarked about twenty centuries ago by 
Aristotle, nothing comes to the mind except 
through the effects produced by the material 
world on our organs. We have, however, 
the faculty of grouping and combining the 
objects and the phenomena of nature with 
which we come in contact; of referring 
them to one another, and of establishing rela- 
tions between them. When we are able to 
refer a fact to another fact with which we 
are acquainted, we say that we have an 
explanation of the former fact and know 
something about it. Such is science, in the 
most general acceptance of the term: it is a 
knowledge of the relations between facts. 
This knowledge is never complete, and it 
is acquired at a comparatively slow rate. 
Before we discover the connections of the 
different facts we observe, those facts are 
by us described in terms of our sensations, 
as when we _ speak of colors or of taste. 
In this stage of our knowledge the sensa- 
tion is of primary importance; or, rather, it 
is the only thing we have to deal with, and 
the only standard of comparison. A conse- 
quence of this is the impossibility of 
conveying to others any adequate idea of 
the facts or phenomena that are known to 
us in this manner only; for it is obvious 
that no one can explain colors to him who 
has never seen, nor music to him who has 
never heard. In order to obtain a truly 
scientific knowledge of phenomena, we 
must pass from the stage in which things 
are referred to the impressions they make 
on us, to the higher stage in which things 
are referred to their dependence on, or con- 
nection with, other things. Were we still 
in that primitive condition in which force 
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is expressed in terms of our sensation of 
effort, we should have no science of force, 
no mechanics, as we have no science of 
taste or of smell. How the idea of force 
has become broader, and at the same time 
more definite, and how, by referring this 
property of matter to other properties of 
matter, instead of referring it to our feelings, 
force has risen to the level of an object of 
exact science, will be easily understood 
from what follows. 

The sensation of heat is familiar to us all ; 
yet we cannot measure heat by feeling, not 
only because feeling is not measurable, but 
because it is often misleading. If we 
immerse one hand in very hot water, and 
place the other on a piece of ice, and imme- 
diately afterwards put both hands in water 
at ordinary temperature, that hand will 
feel cold that was in the hot water, while the 
other will feel warm. Experience, however, 
has taught us that the property of matter 
which, under ordinary circumstances, pro- 
duces in us the ‘sensation of heat, produces 
in other bodies a peculiar change—expansion; 
and as this change is independent of our 
sensations, and capable of being accurately 
measured, we adopt it, not only as a means 
of comparison, but also as a definition of 
heat, or of temperature. We say, ‘accord- 
ingly, that the temperature of a body is that 
state or condition on which, other condi- 
tions (such as pressure) being equal, the 
volume of the body depends. We choose a 
certain increase of volume of a certain body 
as our uni of temperature, construct an 
instrument to measure that expansion (a 
thermometer), and then—not before—we 
have a science of heat. Further investiga- 
tions bring new facts to light, our concep- 
tions are somewhat modified, our definitions 
are either extended or restricted, and our 
former standards are changed; but, what- 
ever the changes introduced may be, com- 
paratively little progress is made before the 
phenomena dealt with are expressed as meas- 
urable relations between external facts, that 
is, facts independent of ourselves. 

With regard to the idea of force, several 
changes have taken place, and the science 
of mechanics has developed accordingly. 
The fact must have presented itself to the 
attention of man, at an early period of his 
history, that it requires some effort, not 
only to lift a body, but also to keep it from 
falling ; for the moment the effort is relaxed 
the body falls quickly to the ground. This 


downward pull the ancients described as a . 


‘‘tendency of heavy bodies towards the 


center.’’? We describe the same fact by say- 
ing that bodies are attracted by the earth ; 
but, as we seem to know little more with 
respect to the real nature of the phenom- 
enon than the ancients did, their descrip- 
tion of the fact was perhaps as good as 
ours. At any rate, this ‘‘tendency’’ was 
found to produce the same feeling (the 
feeling of effort) as that produced by all 
other forms of resistance; whence the. 
‘‘tendency’’ in question was conceived and 
classified as force—not as a force, nor asa 
kind of force, but as force in general, there 
being, as we have already said, only one 
form of action called force; namely, the 
action of a body upon another by virtue of 
that property which, when the body acts 
on us, produces the sensation of effort. As 
this sensation is the specific characteristic — 
by which force, wherever found, is dis- 
tinguished from other properties of matter, 
it is naturally taken at first as the only 
standard of comparison, the same as the 
sensation of heat is at first the only stand- 
ard for comparing temperatures. Before 
the thermometer was invented, the tempera- 
ture of a body was ascertained by feeling 
it. So, too, in the early stage of mechanics, 
the weight of a body was ascertained by 
lifting or trying to lift it, the strength of a 
rope by pulling at it, the resistance of an 
obstacle by pressing on it: And since either 
weight, or resistance to compression, or 
resistance to tension, are all manifestations 
of the same fact—force, any one of them 
may be used to measure the others, if we 
know what the effect of force is, not indeed 
on us, but on other bodies. In this way we 
can reduce force to measurable : relations 
among external facts, and then we may 
have a science of mechanics. But the 
science of mechanics did not spring up all 
at once; for, of, the effects of force on 
bodies, only a vague and general idea was at 
first entertained ; only some obvious. facts 
were. laid as the foundation of the science, 
and but one-half of the mighty structure 
was built by the ancients. They, of 
course, lacked that modesty so often 
preached, so seldom seen, in our time, 
and prided themselves on having left a 
finished work to their successors. Their 
successors, however, soon discovered that 
only half of the edifice was built; they 
laid the foundations for the other half, 
and soon ‘‘ finished’’ the work. It is not 
improbable that our successors will have to 
‘finish’? the work again ; nor is it by any 
means impossible that they may have to 
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begin the work anew, and reconstruct it 
from the very foundations, for it must be 
confessed that the fundamental principles 
underlying all our sciences are more or less 
hypothetic. 

We have said that the science of 
mechanics begins when force is referred to 
and measured by its effects on external 
objects, that is, when it is defined in terms 
of external facts. What, then, is the 
physical effect of force? The ancients 
answered this question in a general way 
by saying that the effect of force is 
motion. We say ‘‘in a general way,’’ 
because they were not concerned with 
the exact nature or amount of the 
motion. produced ; they conceived force as 
something that simply makes a body move, 
-or disturbs the equilibrium of a_ body 
at rest. And here we have a further illus- 
tration of the origin of mechanical ideas ; 
for the first thing with which experience 
makes us familiar is the moving of bodies 
by muscular effort; we do not pause to 
reflect. on the velocity we impart to the 
body we lift, to the log we roll, to the peg we 
drive ; all we are concerned with is the bare 
fact that we lift the body, roll the log, or drive 
the peg; it is nothing but breaking a state 
of equilibrium: beyond this the ordinary 
man of our day seldom goes, and the great 
mechanician of antiquity—Archimedes— 
never went. “ye , 

The historical fact. that mechanics began 
with statics is thus naturally explained. 
Statics is the science of equilibrium. In it 
force is conceived as either pressure or 
pull, and the motion caused by force is 
viewed as a disturbance of equilibrium, 
regardless of all other effects or circum- 
stances. The mental process is simply this: it 
requires a certain muscular effort to disturb 
a certain state of equilibrium, and whatever 
disturbs that state of equilibrium is con- 
ceived as a force equivalent to the muscular 
effort, physically considered. _ Such being 
the case, the weight of bodies, regarded at 
first merely as their resistance to being 
lifted, at once suggests itself as a standard 
for measuring force. We have seen that 
the effort required to lift a body is (prac- 
tically) the same as the effort required to 
keep it from falling; so that force, in its 
‘“‘tendency’’ to produce motion in one 
direction, may just prevent motion in the 
opposite direction. Here, then, we have 
the datum without which no exact com- 


parison can be made—namely, equality. 


The ‘‘tendency of. a body towards the 


concerned, by a weight. 


center,’’ that is, its weight, is a tendency to 
motion ina known direction, and any force 
that just prevents that motion we readily 
conceive as equal to the weight of the body. 

The next thing is to devise an instrument, 
or apparatus, to measure weight, and a unit 
of weight that may serve as a standard to 
compare forces. For the measurement of 
weights, the simplest and oldest instruments 
are the pulley and the balance with equal 
arms. As for the unit, the weight of a 
piece of any material may be used. The 
piece is suspended from the arm of a balance, 
or at one end of a string passed around a 
pulley, and balanced by another body sus- 
pended from the other arm of the balance, 
or attached at the other end of the string 
passing over the pulley ; then we have two 
units of weight. By balancing these two 
units we have four units, ete. 

It may be worth repeating that weight is 
taken as a standard for the measurement of 
forces, not only because it produces in us 
the characteristic sensation by which all 
force is orignally known to us—the sensation 
of effort, but because it produces in other 
bodies the characteristic effect by which the 
physical nature of force is known to us— 
motion ; and because any kind of action 
between bodies whose effect is motion may 
be replaced, in so far as this effect alone is 
Or, taking the 
purely statical view of force, we may say 


that any state of equilibrium may be broken 
_by the action of a weight, which is equiva- 


lent to saying that every force can be 
replaced by a weight. By the magnitude of 
a force is meant the weight that can replace 


it; so that, when we say a force is so many 


pounds or so many tons, we mean that a 


weight of so many pounds or so many tons 


will produce the same effect as the force. 
Not having gone beyond the statical 
conception of force, Archimedes and his 
successors, up to the sixteenth century, left 
almost untouched the laws of motion, which 
in the mechanics of to-day play such an 


important part, not only on account of their 


theoretical value, but also,and perhaps more, 
on account of their practical value. This, 
however, by no means detracts from the 
greatness of the original investigators. They 
were treading almost virgin ground; they 
had no other teacher than nature, no other 
guide than their intellects, no other light 
than the light they themselves made; and 
they had to struggle with the traditions of an 
ignorant.age, with their own inherited preju- 
dices, and with the dogmatic errors promul- 


——— 
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gated in the majestic language of philosophy 
by such illustrious masters as Aristotle 


and Plato, the greatest of Greek thinkers. 
Archimedes is deservedly reputed the father 
of mechanics ; he discovered the law of the 
lever, the laws of floating bodies and the 
properties of the center of gravity ; while his 
mechanical contrivances were the wonder 
of his contemporaries, and still inspire us 
with admiration. The progress of man is a 
slow movement from the unknown to the 
known. We often, forgetting the origin of 
our knowledge, wonder at the ignorance of 
our predecessors, and can scarcely under- 
stand why they did not see facts and laws 
that seem to us self-evident. But thisis a 
hasty judgment; there are no self-evident 
truths in nature. When we have become so 
familiar with a certain relation between 
facts that it is impossible for us to think of 
the relation being different from what it is, 
we say that the relation in question is a 
self-evident fact. History, however, teaches 
us that before this familiarity was acquired, 
many painful experiences, and often much 
profound thinking; were necessary; that 
many of the truths we regard to-day as 
axiomatic were brought to light by the pro- 
longed study and. the patient researches of 
the greatest intellects of our race; that 
mankind, like a child, began its journey 
along the route of progress with no knowl- 
edge whatsoever, and that knowledge, like 
all natural phenomena, is a process of evolu- 
tion, whose effects, at first imperceptible, 
develop and multiply in something like 
geometrical progression. He who wonders 
at the ignorance of old times may be com- 
pared to him who wonders at the difference 
between. the energy of a stone falling 
through a distance of one inch and an 
aerolite falling from the heavens: his very 
astonishment only serves to show that he 
has not yet become acquainted with the 
laws of nature. 

At the present time our idea of force is 
perhaps as vague and indistinct as that of the 
ancients; but we have a clearer and more 
precise idea of its physical character, that is, 
of the external phenomena by which we 


define it. Motion, we have seen, is the exter- 
nal fact by which we know force ; whence 
every motion, or, rather, every change of 
motion, is by us ascribed to the action of a 
force. Is there no relation between the 
nature of the motion produced and the mag- 
nitude of the force producing it? We readily 
see that when a force is applied to a body, not: 
only the state of equilibrium of the body is 
disturbed, but the body passes to a state of 
motion, which can be clearly defined by 
measuring the space traveled by it in a cer- 
tain time. The effect of a force on a body, 
then, is not only motion in general, but 
motion of a certain kind, measured by a cer- 
tain velocity. Referring again to the example 
of heat, it will be remembered that when 
expansion was discovered to be the physical 
effect of temperature, the latter was meas- 
ured by measuring the expansion produced. 
So, in the case of force, it seems natural that, 
once motion has been recognized as its dis- 
tinctive effect, force should be measured by 
measuring the motion produced. Thisisthe 
dynamical conception of force; it is the 
modern, and seems the most ‘ natural”’ 
conception ; yet it was many centuries before 
it was acquired ; the science of motion is of 
comparatively recent origin. Here we are 
not’ concerned with the dynamical view of 
force ; but we may remark, before closing 
this article, that the introduction of the new 


idea and of the new standard of measure- 


ment caused a complete revolution both in 
the world of science and in the world of 
industry. When there was no mechanics 
but statics, man might construct admi- 
rable structures—the pyramids of Egypt, 
the Roman aqueducts, or the noble edifices 
of Greece; and he might contrive some 
apphances for the transformation and trans- 
ference of force, such as the war engines of 
antiquity. But the perfect machinery of 
to-day would be impossible if we knew 
nothing of the relations between force and 
motion—if we knew nothing of acceleration, 
momentum, work, energy, and other dynam- 
ical factors that enter as indispensable 
elements into the proper design of almost all 
modern mechanisms. 


Two-CycLE ENGINES—THE 


THE GAS-ENGINE. 


E. VV. Roberts. 


CLERK ENGINE—VERTICAL ENGINES—A VALVELESS ENGINE—A 


SmmpLE Mrx1nc-VALVE—GaAS Versus Exvecrric Lieut. 


PART III. 


O SOONER had the Otto engine been 
placed upon the market than a host 


of inventors set to. work to devise . 


improvements, or, in some cases, simple 
modifications, in order to avoid conflicts 
with the Otto patents. One of the chief 
objections to the Otto cycle is that the 
engine employing it must be built four 
times as strong as a double-acting steam- 
engine of the same horsepower and run- 
ning at the same speed, for the Otto 
engine gives but one power- 

impulse to the steam-en- 

gine’s four. This circum- 

stance led tothe invention. —— f 
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attached to the spindle g, which is given a 
reciprocating motion by means of an eccen- 
tric on the crank-shaft. /and H, Fig. 1, are 
poppet-valves, both of which open upwards 
when subjected to the suction within the 
cylinders. Surrounding the lower valve 
HT is a gas-channel K from which gas-enters 
the space above the valve through a number 
of small holes in the valve-seat. At Q 
are ‘‘quieting’’ pistons, so designed that 
the valve is checked by an air-cushion 
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of the two-cycle engine, a 
in which there is one 1Mm- cS Saeed FV YS 
pulse in every revolution. § (hy) / piped Vi INS 
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with the early Otto engine, 
a description of the Clerk 
engine is necessary before 
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proceeding with the more 
modern types. 

In Fig. 1 is shown a 
vertical section of the en- 
 gine-cylinder along a line 
passing through the center. 
Fig. 2 is a similar horizon- 
tal section. Besides the principal or motor- 
cylinder A, the engine has an auxiliary 
cylinder B, with a piston D, Fig. 2. 

The auxiliary piston D is attached by a 
separate crank to the fly-wheel of the engine, 
and this crank is so set that it reaches the 
end of its stroke just ahead of the motor- 
piston C. J is a slide-valve similar to that 
employed on the earlier Otto engine, but is 
used for the purpose of ignition only. This 
valve is operated by a bell-crank lever 6 
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Fig. 1. 


when returning to its seat. This device 
does away with the disagreeable rattle which 
is so frequent an accompaniment to a 
poppet-valve éngine. The water-jacket J 
surrounds the cylinder A and the com- 
pression-space C, as shown in the figures. 
No water-jacket is necessary for the auxiliary 
cylinder B, no gases being burned in it. 
The following series of operations takes 
place in this engine: The auxiliary cylinder, 
or pump, first draws in a charge of air 
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through the valve //, which, as it enters, 
carries with it the required proportion of 
gas frome the channel K. On the return of 
piston D the mixture is forced through valve 
F into the motor-cylinder A. Valve / opens 
just as piston C has passed the edge of the 
exhaust-ports I’, HE’ and 
the pressure in the motor- 
cylinder has dropped below 
that in the pump. The 
ratio of the volumes of the 
two cylinders is so adjusted 
that the fresh mixture 
drives the greater part of 
the exhaust gases from the 
cylinder A, and yet no un- 
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the exhaust-ports. The UE 
VA. 


piston C covers the ex- 
haust-ports on its return, 
both cylinders compress- 
ing the charge until piston 
D starts on its. forward 
stroke. Just as this occurs, 
the rush of gas from A into 
B closes valve F, and the 
compression is completed by the piston C. 
Ignition takes place immediately on the 
completion of the compression-stroke and 
the expanding gases drive the piston forward 
until they escape through the exhaust-ports. 

The above is readily seen to be a clever 
modification of the Otto cycle, the pump 
doing the work of the suction-stroke and of 
the exhaust-stroke and aiding in compres- 
sion. 
sage W with the space between the valves 
Fand H. JL is a gas-valve under the 
control of the governor; from it the gas 
flows to the gas-channel K. The valve L is 
so arranged that it closes just before piston 
D reaches the end of its stroke, so that the 
final portion of the charge is pure air. This 
is, of course, the first portion of the charge 
to enter the motor-cylinder, and the chances 
of fresh gas escaping through the exhaust- 
ports are reduced to a minimum. 

The action of the ignition-slide will be 
fully explained in the next article on gas- 
engines. Owing to the greater frequency of 
the explosions in this engine, the Otto valve 
was not suitable. At R’, Fig. 1, is a relief- 
cock which is opened when starting the 
engine. It allows the gases to escape from 
the cylinder until the compression-stroke is 
half completed, in the same manner as the 
starting-cam on the Otto engine. 

There are quite a number of engines on the 
market to-day using what is, practically, 
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The pump is connected by the pas- . 


Clerk’s modification of the Otto cycle. In 
the Robson engine the front end of the 
cylinder is enclosed, the piston having a rod 
with gland and stuffing-box, as in a steam- 
engine. The fresh charge is drawn into, 
and compressed in, the front end of the 
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cylinder much in the same manner as in 
the pump-cylinder of the Clerk engine. 
From the front end the charge is forced into 
a receiver at a pressure of about 5 pounds 
per square inch. As soon as the pressure 
within the motor-cylinder falls below that 
in the receiver, a new charge enters and 
drives the burned gases out through the 
exhaust-ports. The next, or return, stroke 
of the piston compresses the charge and 
draws a fresh mixture into the front end of 
the cylinder, which it discharges into the 
receiver during the expansion-stroke. This 
engine, as the reader will see, is quite simi- 
lar in operation to the Clerk. 

An ingenious engine, and one of which 
great things were expected, made its appear- 
ance in 1886. It is known as the Atkinson 
cycle engine and has, in addition to the 
ordinary valve mechanism, a link-motion | 
so designed that the piston makes two long © 


and twoshort strokes during each revolution 


of the crank-shaft. The charge is drawn 
into the cylinder by a short stroke beginning 
at the extreme back end of the cylinder. 
The gases are then compressed by a still 
shorter stroke, and, after ignition, expanded 
by a long stroke to greater volume than the 
mixture possessed at the end of the suction- 
stroke. The piston then returns until it 
reaches the end of the cylinder and all the 
exhaust gases are expelled. Theoretically, 
this engine produced an ideal cycle, but the 
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great difficulty lay in the maintenance of 
the link-motion. The engine never became - 
a pronounced commercial success, and it 
was finally withdrawn from the market. 
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FIG. 3. 


In Figs. 3 and 4 we have two sectional 
views of the Nash engine, a well-known 
modern representative of the two-cycle type. 
It is similar to the Robson engine in that it 
uses the end of the cylinder towards the 
crank for a charging-pump. But instead of 
using a piston rod and stuffing-box, this 
engine has its connecting rod and crank 
enclosed in an air-tight crank-chamber. 
Upon the upstroke of the piston a charge of 
gas and air is drawn into the crank-chamber. 
The succeeding downward stroke compresses 
the contents of the chamber, while a former 
charge is being expanded in the upper part 
of the cylinder. At the end of the stroke the 
exhaust gases escape through the exhaust- 
port e tothe annular space E’, and thence 
to the atmosphere through the pipe LH. 
While the gases are escaping, the valve a is 
opened by means of the cam d operating 
through the valve-stem a’ and a small roller 
on the end of a’, the valve being held to its 
seat during the remainder of the cycle by 
means of the spring s. Ona being opened, 
the fresh mixture drives the exhaust-gases 
ahead of it, and the cylinder is completely 
filled: with the new charge. . Compression 
now takes place, and when the piston has 


cylinder. 


neared the end of the stroke a small piston- 
valve, operated through stem 6’ by the 
eccentric c, opens communication to a hot 
tube ¢, and the charge is ignited. 
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Fig. 4. 


At ka small governing-valve, attached to 
the governor by the lever m, controls the 
passage of the compressed charge from the 
crank-chamber to the working-end of the 
The amount of charge entering 
the upper end of the cylinder is thus regu- 
lated according to the load on the engine, 
and an impulse of varying strength is given 
to the piston at each revolution, unless the 
load becomes so small that the valve k is 
entirely closed. <A very steady-running 
engine is produced by the use of such 
a device, and an engine so governed is well 
adapted for driving electrical machinery, 
although its efficiency on light loads is 
decreased... 

The heavy fly-wheel F' stores up erergy 
for compressing the charges and running 
the machinery during the intervals between 
the power impulses. The machinery is 
driven from a pulley P by means of a belt. 
Gas enters the crank-chamber through the 
valve g, the air-inlet and mixing-valve not 
appearing in the figures. Water enters the 
jacket at wand passes out atu’. The manner 
of lubricating this style of engine is shown in 
Fig. 4. At the bottom of the chamber is a 
layer of water which reaches up far enough 
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for the crank to dip in it at the lower end of 
the stroke. Oil floats on top of the water 
and is dashed over the reciprocating parts 
of the engine at each revolution, ensuring 
perfect lubrication. At Ois an oil-cup for 
lubricating the piston, the surplus oil from 
which flows to the crank-chamber below. 
The ignition-tube is heated by means of the 
burner f. These engines are built in various 
sizes from 4 to 200 horsepower, sizes above 
10 horsepower being supplied with from two 
to four cylinders. 

Gas-engines are so often placed in care of 
persons unskilled in handling machinery 
that it hasbeen the aim of many designers 
to produce an engine with the fewest pos- 
sible number of parts. There is no better 
example of what can be done in this line 
than the original Day engine, an illustration 
of which appears in Fig. 5. Strictly speak- 
ing, this engine consists of but four essential 
parts. They are the cylinder and the frame 
(one piece), the crank-axle and its attached 
pulleys and fly-wheel (one piece), the con- 
necting-rod, and the piston. | 

The operation of the engine is as follows: 
On the upstroke of the piston a partial 
vacuum is produced in the crank-chamber e, 
and when the piston uncovers the port h 
a charge of gas and air enters the crank- 
chamber, the air from the pipe n and the 
gas from a governor-valve ; this valve is not 
shown in the figure. On the return of the 
piston the mixed gas and air is compressed 
to about 4 or 5 pounds above the pressure of 
the atmosphere. Near the end of the stroke 
the piston passes the exhaust-port g, and, im- 
mediately afterwards, the port /, communi- 
cating with the crank-chamber, is opened, 
and the entering charge, striking against the 
deflecting-plate 7, passes to the top of the 
cylinder and down again in the direction of 
the arrows;.driving the exhaust gases ahead 
of it and practically clearing the cylinder 
of the waste material. On the return of the 
piston the charge is compressed as usual, 
and is fired at the proper moment by a hot 
ignition-tube inside the chimney /. The 
method of timing the ignition will be 
explained in a later article. It will be 
noticed that air is drawn into the crank- 
chamber from the base k, which it enters 
through the small holes to be seen at the 
right. This arrangement is for the purpose 
of quieting the air-current, since it enters 
the crank-chamber with a rush. 

The production of a vacuum in the crank- 
chamber meant a useless expenditure of 
energy, and the engine was afterwards so 


modified that the air entered the chamber 
through a check-valve, the air and the gas 
being drawn in during the entire upward 
stroke. 

An engine having a cycle in all respects 
similar to the Day is manufactured by the 
Sintz Gas-Engine Company. A side and an 
end elevation of the Sintz engine are shown 
in Fig. 6. The engine uses gas or ‘gasoline 
with equal facility, and, as shown in the 
figure, the special features necessary when 
employing gasoline as a fuel are retained. 

The piston carries a deflecting-plate, and 
the admission- and the exhaust-valves are 
arranged as in the Day engine, a poppet- 
valve check controlling the admission of 
the charge to the crank-chamber. This 
valve, which is of unique design, is shown 
in detail in Fig. 7. The connections for 
gas are shown in dotted lines, Fig. 6. The 
gas from the meter passes through the 
rubber gas-bag g, the valve g’, and the pipe 
g” to the mixing-chamber M, Fig. 7. The 
gas-bag acts as a regulator to equalize the 
flow of the gas 7 : 
into the mixing- — 


chamber. Air 

enters the holesh, : 

Fig. 6, and flows Hic eye mE 
over the top ofthe iran rt 
cylinder through eae 


the brass cylin- 
der-head casing 
n, downward 
through the pipes 
Y to the mixing- 
chamber M. By 
passing over the. 
cylinder-head the 
air is heated, so 
that when using 
gasoline the oil is 
vaporized in the 
mixing - chamber 
by contact with. 
the warm air. 
The valve V, Fig. 
7, is raised by the 
suction of the 
piston during the 
filling of the crank-chamber and is closed 
by the spring S when the pressure in the 
chamber falls. When gasoline is used it is 
fed to the mixing-valve by means of the 
pipe r from a tank"placed above the level of 
the engine. The gasoline flows first to the 
reservoir R, which regulates the flow of the 
oil. From the reservoir the liquid flows to 
the compartment Z, Fig. 7, from which it is 
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admitted to Z’ by the needle-valve v’, the 
opening of which is shown on a graduated 
circle A by the stationary pointer p. 

The mixing-valve itself will be seen to 
have two seats; the larger valve-face V 
controls the mixture, while the lower face v 
opens Z’, allowing gasoline to flow into the 
mixing-chamber M. The warm air from 
both sides of the mixing-chamber passes 
over the surface of the liquid, changing it 
into gas and carrying it, thoroughly mixed 
with the air, into the crank-chamber. The 
charge passes from the mixing-valve in the 
direction of the arrows past the butterfly- 
valve x, which is operated by the short 
crank a outside of the pipe. By opening 
and closing this valve the quantity of 
the mixture entering the engine may be 
increased or decreased. 


} 
! 
i | 
' 
4 
\ 
\ 
\ 
1 
i] 
Q | 
| 
I 
H 
! | 


The crank a is 


por nr nn a 
- 


THE GAS-ENGINE. 


jacket and is expelled at w’. FE is the 
exhaust-pipe. The fly-wheels f have broad 
faces, so that either one of them may be 
used as a belt-pulley. The force-feed oiler 
o supplies a lubricant to the piston and the 
crank-chamber. The priming-cup ¢ is used 
for charging the cylinder with gasoline after 
the engine has been standing idle long 
enough to get cold. 

This engine is manufactured in twelve 
sizes, from 1 to 30 horsepower. Sizes 
from 4 horsepower up are built with two 
cylinders. The makers claim that the two- 
cylinder engine is a very satisfactory source 
of power for electrical purposes. 

The latest adopted method of dynamo- 
driving marks a bold step in gas-engine 
practice, and speaks well for the improve- 
ments that have been made in gas-engine 
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attached to the governor G by the rod a’. 
Thus, the regulating mechanism is similar 
to that in use on the Nash engine. The 
governor is driven from the crank-shaft 
by the belt 0. 

The charge is ignited by electricity. The 
ends of the igniter-wires may be seen at 
FF’. This igniter will be fully described 
in Part IV of this series. Both the igniter 
and the water-pump P are driven from the 
same eccentric e. Water enters the pump 
at w, whence it passes through the water- 


speed-regulation. The engine and dynamo 
are bolted to the same frame. The engine 
is of the four-cycle type, but has two cylin- 
ders so arranged as to give an impulse for 
every revolution of the crank-shaft. The 
dynamo-shaft is connected to the crank- 
shaft of the ehgine by means of a flexible 
coupling, which is provided with four long 
helical springs, through which the entire 
power of the engine is transmitted. 

Any small irregularity of motion is taken 
up by the springs, and does not affect 
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the dynamo. The governor regulates the 
amount of the charge, so that the engine 
receives an impulse every revolution, 
whether running heavy or light. 

If, instead of burning gas in an 
ordinary jet and obtaining light 
in this way, we use the gas to 
drive a gas-engine and dynamo, 
much more light will be obtained. 
Figures present a more forcible 
illustration than a mere state- 
ment of this fact, as the following 
example willshow. It is custom- 
ary to assume that each engine- 
horsepower will furnish sufficient current for 
ten 16-candle-power incandescent lamps, or 
one 800-candle-power arc-lamp. If the gas 
we are to use is 20-candle-power gas, the con- 
sumption per horsepower delivered to the 
dynamo will not exceed 18 cubic feet for 
average working; 20-candle-power gas gives 
20 candle-power for each 5 cubic feet of gas 
burned in one hour in the ordinary fishtail 


_ burner ; so 18 cubic feet would give : x 20 


= 72 candle-power. Thus, we gain an 
increase in illuminating power of 1.22 per 
cent. by using a gas-engine and a dynamo in 
conjunction with the incandescent light. In 
the case of the arc-light, however, the 


increase is enormously greater, more than 
eleven times as much light being obtained 
from the same amount of gas. It might be 
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as well to state in conclusion that these 
figures are by no means exaggerated, much 
better results being frequently obtained in 
practice. 
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ELEcTRICAL MEASURING INSTRUMENTS—COMMERCIAL M&ASUREMENTS—CALIBRATION. 


HE ELECTRICAL CIRCUIT.—That 
which interests us mainly in any elec- 
trical circuit is the strength of the 

current flowing therein and the value of the 
pressure causing that flow. By virtue of 
the pressure the current is not only caused 
to flow, but it is also enabled to overcome a 
certain obstruction which may be placed in 
its path, such as that constituted by what is 
called electrical resistance. The quantity of 
this-electrical resistance which any current 
can overcome is, however, limited by the 
current pressure ; that is to say, if a given 
pressure will force a certain current through 


a known resistance, then, if the pressure is 
reduced by one-half, it will no longer be 
able to force the same current through the 
same resistance. Experiment has proved 
that, with half the pressure, either one of 
two conditions is possible. These condi- 
tions are : 

1. One-half the pressure will force the 
same current through one-half the resistance. 

2. One-half the pressure will force one- 
half the current through the same resistance. 

The relation is equivalent to saying that 
the pressure is proportional to the current and 
to the resistance. When any quantity is 
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proportional. to two other quantities, it is 
equal to the product of the two quantities ; 
so that if 
E = electrical pressure, or 
electromotive force ; 
C = electrical current ; 
R= electrical resistance, 
we may write, 7 
E=CXR; (1) 
from which formula we obtain, by trans- 


posing, 


Sasi =i (2) 
E | ; 
and CO | io) 

These three formulas (which will be 
referred to later by their numbers) give us, 
in terms of the other two, the value of any 
one of the three electrical quantities of a 
circuit. The relation expressed by the 
formulas was first discovered by Dr. G. S. 
Ohm, of Berlin, Germany, and is known as 
Ohm’ s law. 

In this article we will confine our atten- 
tion to direct-, or continuous-current cir- 
cuits, for which Ohm’s law holds absolutely. 

Measurements.—A1| measurements of resist- 
ance, pressure, and current strength are 
based on Ohm’s law. 

The electrical engineer, in the practice of 
his profession, often finds it necessary to 
make numerous and daily measurements of 
this kind. To facilitate this work, instru- 
ments have been devised which can be 
quickly connected to any circuit, and which 
at once indicate, by means of a pointer 
moving across a scale, the exact value of the 
quantity to be measured in that circuit. 
These instruments indicate the conditions 
of the electrical circuit in a manner similar 
to that in which the steam gauge of a 
boiler indicates the condition of the steam 
circuit. 

Current.—The strength of an electrical cur- 
rent is, in practice, measured by a unit 
which has been named the ampere, in honor 
of the French scientist, Ampere. Any instru- 
ment, therefore, which will measure the 
strength of the current in amperes, is called 
an ampere-meter (that is, a meter, or measure, 
of amperes). This word ampere-meter is 
often shortened to ammeter. In electrical 
manufacturing establishments particularly, 
and in practice generally, the latter desig- 
nation is almost exclusively used. 

Pressuwre.—The pressure, or electromotive 
force, of an electrical current is, in practice, 
measured by a unit which has been named 
the volt, in honor of the Italian scientist, 
Volta. Any instrument, therefore; which 


measures the pressure of an electric current 
in volts, is called a voltmeter (that is, a 
meter, or measure, of volts). 

Resistance.—The resistance of any sub- 
stance to the passage of an electric current 
is, in practice, measured by a unit which 
has been named the ohm, after the already- 
mentioned German scientist of that name. 
Instruments designed to measure ohms 
directly, have been constructed and are in 
extensive use in laboratories, or wherever 
exceedingly accurate measurements are 
absolutely essential. Two instruments of 
this kind are the Wheatstone bridge and the 
ohmmeter. 

The practical electrician, however, rarely 
makes use of them. Measurements which 


are correct within one-fifth of one per cent. 


are hear enough for him and are considered 
exceedingly good, and as there’ are both 
ammeters and voltmeters on the market, 
which give results approaching or even bet- 
ter than this, the practical engineer con- 
tents himself with indirectly determining 
the electrical resistance of any circuit by 
the use of formula (3). 

According to this formula, the resistance 
is given by the quotient obtained, when the 
pressure of the circuit is divided by the 
strength of the current flowing therein. 
The method of procedure is, then, to meas- 
ure the voltage of the circuit with a volt- 
meter, and the amperage with an ammeter. 
A simple calculation i Is then all that is neces- 
sary, namely : 

Amperes _ 

The use of the two instruments, the volt- 
meter and the ammeter, is, as a rule, all 
that the practical engineer requires for the 
various measurements of the _ electrical 
circuit. 

Theory of Construction.—The most prac- 
tical, efficient, and (within the limits stated 
above) the most accurate instruments in 


- general use to-day, as ammeters and volt- 


meters, are those which rely for their action 
upon the effect which a closed coil, carry- 
ing a current, has upon a magnet ; or—vice 
versa—upon the effect which a magnet has 
upon a closed coil, carrying a current. 

A fundamental experiment illustrating 
this effect is shown by Fig. 1, in which a 
magnetic needle NS, is suspended on a 
pointed pivot which allows it to turn easily. 
Above the needle and parallel to it is a con- 
ductor carrying an electric current, the cur- 
rent flowing in the direction indicated by 
the arrow. Immediately this conductor is 
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brought into the position shown, the needle 
turns briskly aside, the WN pole of the needle 
turning toward the east. If the conductor 
is moved, and held below the needle, the NV 
pole of the needle at once turns in the 
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Fig. 1. 


opposite direction, toward the west. These 
movements can be firmly fixed in the mind 
by the following rule, originated by Ampere : 

To determine the direction toward which a 
magnetic needle will point when influenced by 
an electric current, imagine yourself swimming 
in the conductor, with the current; turn your 
body so asto face the needle, then the N pole of 
the needle will turn toward your left hand. 

In other words, the deflection of the N 
pole of a magnetic needle, as viewed from 
the conductor, is always toward the left of 
the current. | 

Now it must be remembered that the 
magnetic needle, when not influenced by 
an electrical current, will point north and 
south, because of the directive forces of 
the earth’s magnetism. Therefore, when 
a conductor, as above shown, is brought 
near the needle, the electric current in the 
conductor must overcome this tendency of 
the needle, and therefore the final position 
which the needle takes is a resultant of two 
forces, namely, the earth’s magnetism and 
the current in the conductor. If the latter 
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is very strong, the needle will turn widely 
around, approaching: a direction at right 
angles to its original position, whereas, if 
the current is weak, the needle will turn 
very little. To exert a greater effect upon 
the needle, we may arrange the conductor 
as shown in Fig. 2. 


In this arrangement the same conductor 
is simply carried back beneath the needle, 
and hence both the upper and the lower 
conductor influence it. The side branch 
has no effeet upon the needle. In accord- 
ance with Ampere’s swimming rule the 
upper conductor causes the N pole of the 
needle to turn to the left. Now, if we 
apply the rule to the lower conductor, that 
is, if we imagine ourselves swimming in the 
lower conductor in the direction of the cur- 
rent, and facing the needle (that is, if we 
swim on our back), the N pole of the needle 
will turn to our left, which is exactly the 
same effect the upper conductor has upon 


the needle ; and we thus see that the turn- 


ing forces exerted by the current upon the 
needle will be the same for both upper and 
lower conductors ; in other words; the effect 
of the complete loop of wire, as in Fig: 2, is 
double the effect of one single conductor. 


Fia4. 3. 


Experiment further shows that the effect 
upon the needle grows with the number of 
such complete loops, so that the arrange- 
ment shown in Fig. 3, which consists of a 
coil of wire of many complete turns, will 
powerfully influence the needle. 

Since the distance through which the 
needle of Fig. 3 will turn depends upon the 
strength of current flowing in the coil, this 
arrangement forms a very simple indicator 
of current strength. Thus, suppose the NV 
pole of the needle turns 2 inches to the 
left, when a current of a given strength is 
flowing in the coil; then we know in all 
future work, with that instrument, that 
whenever the WN pole of the needle turns 
2 inches to the left, a current having that 
once-for-all determined value is flowing in 
the coil. An instrument of this kind is 
called a galvanoscope. When it is accurately 
constructed, and supplied with a scale show- 
ing how many degrees the needle turns 
when a given current flows in the coil, the 
instrument becomes an actual measure, or 
meter, of currents, and is then called a 
galvanometer. The needles of galvanometers 
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are usually supplied with a spring or similar 
attachment which brings the needle back to 
its original, or zero, position whenever the 
current in the coil dies out. To make these 
instruments more sensitive in responding to 
the influence of a current in the coil, they 
are often fitted with an attachment whereby 
the effect of the earth’s magnetism on the 
needle is annulled, thus leaving it subject to 
the influence of the coil alone. This attach- 
ment very often consists of a permanent bar 
magnet, which is placed in the plane of the 
coil and parallel to it, and which exerts 
about the same effect on the needle as the 
earth’s magnetism does, but in the opposite 
direction, the two forces about neutralizing 
each other. 

Calibration for Amperes. itt is possible 
to calibrate a galvanometer, that is, to 
ascertain, by special measurements or com- 
parison with a standard instrument, the 
number of amperes corresponding to any 
particular deflection of the needle or 
pointer. Thus, suppose it has been posi- 
tively determined that a deflection of the 
needle of 180 degrees is produced by a cur- 
rent of 5 amperes flowing in the coil; then 
a current of 5amperes will always produce 
that deflection if the instrument remains in 
the same condition. When, by a series of 
such comparisons, the various equivalent 
currents for certain deflections have been 
ascertained, the galvanometer scale may be 
divided up into amperes, so that the 
strength of the current, in amperes, may be 
read directly from the instrument. Such a 
galvanometer should be called an ampere- 
meter. A device of this kind would, how- 
ever, be too delicate—too sensitive—for 
practical work. The commercial ammeter, 
while embodying principles similar to those 
just stated, is constructed in a different 
manner. 

Commercial Ammeters. — An _ instrument 
specially constructed for practical work, 
and in extended use in this country, is 
shown by Fig. 4. 

In this instrument, the conductor which 
carries a current does not act upon a mag- 
netic needle, but upon a metal core built of 
many strands of iron wire closely bound 
together, as shown at C. The coil itself, A, 
into which the current is carried by way of 
the contact a, and which it leaves by way of 
the contact 6, is in the form of a hollow 
coil, called a solenoid, in which is the core C 
suspended from the hook h/ on the cross-arm 
P. This cross-arm is supported on a knife- 
edge bearing, and the weight of the core C is 


balanced by the counterweight W to such 
an extent that the needle V points to zero on 
the dial D. 

The action of the instrument is as follows: 
The weight W at one end of the cross-arm P 
tends to keep the pointer NV at zero. When 
the current comes on and traverses the sole- 
noid, the core is ‘‘sucked’’ down into the 
solenoid. This causes the pointer to travel 
across the scale, from left to right, through 
a distance proportional to the amount of 
current flowing in the circuit. The plumb- 
bob p shown at the extreme right, inside 
the glass case, is used for ‘‘ leveling’’ the 
instrument, that is, for setting it truly verti- 
cal. There are many other forms of 
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ammeters, but those built for practical work 
usually depend for their operation upon 
the same principles ; that is, the pointer is 
made to move by being attached to metal 
which is either caused to turn by a coil or is 
sucked into a solenoid. | 
Calibration of a Galvanometer for Volts,—In 
exactly the same way as an instrument is 
calibrated for amperes, it may also be 
calibrated for volts; but in the latter case 
the galvanometer is calibrated by ascertain- 
ing, by special measurements or comparison 
with a standard instrument, to what number 
of volts particular amounts of deflection of 
the pointer correspond. Thus, suppose that 
it has once been determined that a pressure 
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of 50 volts causes the needle to deflect 
through 100 degrees of the scale, then if the 
instrument remains in the same condition, 
an electrical pressure of 50 volts will always 
produce that deflection. When, by a series 
of such comparisons, the various equivalent 
currents for certain deflections have been 
determined, the galvanometer scale may be 
so graduated that the pressure of the current 
in volts may be read directly from the 
instrument. Such a galvanometer might be 
called a voltmeter. There are, however, the 
same objections to its practical use as there 
are to the galvanometer which is calibrated 
to amperes; and commercial voltmeters, 
while depending upon the same or similar 
principles, are differently constructed. 
Commercial Voltmeters.—A voltmeter of 
the same type as the ammeter in Fig. 4 is 
shown in Fig. 5. The principal difference 
between the two instruments, and between 
all ammeters and voltmeters in general, lies 
in the fact that ammeters are designed to 
have as little electrical resistance as possible, 
while voltmeters are equipped with eztra 
~ resistance-coils, so as to greatly increase the 
resistance of the instrument. The reason 
for this will be explained shortly. The 
extra resistance-coils are contained in the 
back of the instrument behind the board &, 
Fig. 5, and consist of several sheets of card- 
board (or similar material) upon which are 
closely wound many hundred feet of insu- 
lated thin German silver wire. This wire is 
all connected in series with the solenoid A 
by means of connections not shown, and 
the two free ends are brought to the binding 
posts or terminals, aand b. At F' isa fuse 
which is also connected with the instrument 
in series and which, by melting when the 
current accidentally becomes too great, opens 
the circuit and thus saves the instrument 
from destruction. The course of the current 
in the instrument is as follows: Entering 
the + binding post a, it traverses all the 
German silver resistance at the back of the 
instrument ; then enters the fuse /, and from 
there flows into the solenoid. Leaving 
the solenoid A, the current is carried out 
of the instrument by the — binding post 3, 
thus completing the circuit. It will be 
noticed that the solenoid A of the voltmeter 
is different tothe ammeter solenoid shown 
in Fig. 4. In the voltmeter, the solenoid 
consists of a hollow coil of thin copper wire, 
having a great many turns. The action of 
the instrument is the same, however, as 
that of the ammeter: Current in the sole- 
noid ‘‘sucks’’ the core in and thus causes 


the needle N to travel across the scale, 
which is calibrated to volts. 

Comparison of Ammeters and Voltmeters.— 
From the above we see that ammeters and 
voltmeters are really identical instruments, 
with the exception that ammeters are of 
very low resistance, while voltmeters are of 
high resistance. That this is so, and the 
reasons for it, the following considerations 
will make clear : 

In Fig. 6, let D be a dynamo supplying 
the four lamps L with current. Let it be 
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known that the resistance of the entire cir- 
cuit (that is, of the lampsand line-conductors 
+ Cand —C) isequal to 30 ohms. Let the 
current in the circuit be equal to 4 amperes, 
and the pressure of the entire circuit be 120 
volts. Then, in order that these values 
may be indicated correctly, the measuring 
instruments above described must be used 
as follows: | 
I. .Current Measurement. — The current 
supplying the lamps / must, after leaving 
the dynamo, pass to the lamps by way of 
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the conductor + C, and it must return to 
the dynamo by the conductor —C. Fur- 
thermore, to measure this current with the 
ammeter of Fig. 4, we know that the entire 
current must be made to pass through the 
solenoid A, which will then exert a certain 
pull on the core C, thus causing the needle 
to indicate on the dial the ‘value 120 
amperes. To allow all this current to pass 
through the ammeter, the instrument must 
be connected in series with the circuit. This 
is done by cutting open the circuit at a 
point usually near the dynamo, and insert- 
ing the ammeterin the gap thus formed. 
The connections having been made, every 
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variation of current strength in the circuit 
is indicated upon the dial of the instrument 
by the varying pull of the solenoid on. the 
core. In Fig. 6, the ammeter, correctly 
connected, is shown, marked A.M. The 
rule for this correct connection is, there- 
fore, as follows: 

Connect the ammeter in such a manner that 
the entire current of the circuit is made to pass 
through the instrument. 

II. Pressure Measurements. —The maximum 
pressure in any electrical circuit is equal to 
the sum of all the pressures which are in 
series with each other. Thus, in Fig. 6 the 
maximum pressure is equal to the pressure 
from the positive dynamo-terminal to the 
lamps, plus the pressure from the positive 


side of the lamps to the negative side, plus 


the pressure from the negative side of the 
lamps to the negative dynamo-terminal ; or 
in other words, it is equal to the pressure 
measured across the dynamo-terminals from 
+ to—. 

Now,. in every glentrisal eirould, and . in 
every conductor, the pressure.is given by 
formula (1) namely, H=CX R. : 


If, therefore, we have an instrument, in 
which R, the resistance, is absolutely con- 
stant (that is, never changes in value), then, 
if this instrument is connected to an elec- 
trical circuit, the current C in it will always 
be the same for a given pressure /; and if 
this pressure should rise around the instru- 
ment, the current in the instrument would 
rise in exactly the same proportion. 

Therefore, if we know just what current 
in the instrument is produced by a certain 
pressure, we have a measure of this pressure; 
in other words, a voltmeter. This being the 
case, the pressure is measured with a volt- 
meter by connecting the terminals of the 

instrument around that portion 

of the circuit for which the pres- 
sure is to be determined. Thus, 
in Fig. 6, where we are desirous 
of measuring the total pressure, 
the instruments must be con- 
nected across the circuit, as shown 
by V. M. We therefore have 
the following rule for the correct 
connection of the voltmeter in 
any electrical circuit : 
Connect the voltmeter in such a 
manner that its terminals are around 
that portion of the circuit in which the pressure 
is to be determined. 

Never connect the voltmeter: in series, 
because in that case it acts like an ammeter, 
and, not having the current-carrying capac- 
ity of an ammeter, it will be burned out by 
the excessive current passed through it. 

Conclusions.—From the above we see that 
since a voltmeter may be required to 
measure high pressures, as, for instance, in 
Fig. 6, the amount of:current which could 
thereby be forced through the instrument 
would be enormous. ‘To prevent this great 
quantity of current from traversing the 
voltmeter, a very large resistance is placed 
in series with it, as explained in connection 
with Fig. 5. The ammeter, on the other 
hand, which depends upon the entire cur- 
rent for its action, and which is subjected 
to a comparatively low pressure only, is 
designed with its resistance as low as 
possible, so that no pressure may be wasted 
in sending the current through it. Thus it is 
now evident that the less the resistance of the 
ammeter and the greater the resistance of the volt- 
meter, the better, as a rule, are the instruments. 
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CHEMICAL AND MECHANICAL MEANS OF 


PREVENTING BorLER-SCALE—THREE CLASSES OF 


Ingurious FEED-WATER—CHEMICAL COMPOSITION OF BOILER-SCALE. 


ERHAPS.: there is no subject which has 
called forth so much useless discussion 
or so many worthless nostrums as that 

of boiler incrustation. The great mistake 
made by vendors of patent nostrums for pre- 
venting or curing scale in steam-boilers is 
that, having found a certain compound suit- 
able for a certain boiler, they are apt to 
conclude that the compound is of general 
utility, and they advocate it im season 
and out, utterly disregarding the fact that 
the conditions vary so much that it is diffi- 
cult to find even two boilers under exactly the 
same conditions as to feed-water and its 
necessary treatment; for though the feed may 
be identical, it is possible that one boiler may 
have so much more work to do than the 
other that the compound which suits the 
lightly-worked boiler will cause foaming in 
the other, and, consequently, have to be 
abandoned. 

It is therefore desirable that water be 
analyzed and its constituent impurities 
ascertained, so that a proper treatment may 
be accorded it. The means adopted for 
preventing bad effects from incrustation are 
either chemical or mechanical, or both. 
Chemical means consist of the use of sub- 
stances which precipitate the solid impuri- 
ties of the water and allow them to settle in 
some quiet part of the boiler, whence they 
can conveniently be blown out. 

Mechanical means often depend upon the 
introduction in the boilers of greasy, starchy, 
or gelatinous substances, with the inten- 
tion that as each particle of solid matter is 
freed from the water it shall become coated 
with some of the composition and thus pre- 
vented from adhering to other particles or 
to the boiler-plates. Large quantities of 
mud are formed in this way, which require, 
for removal, the regular use of the blow-out 
tap. This is adirect loss in proportion to 
the amount of hot water: wasted by the 
blow-out, and is opposed to the attainment 
of economy in fuel combustion. It is not 
out of place here to inquire into the chem- 
istry of boiler-scale... The guide taken in 
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this article is the treatise on the question by 
the late Dr. Angus Smith, who made a very 
careful examination of the whole subject. 

He divided waters that are injurious to 
boilers into three main classes : 

1. Alkaline, or chalk, water. 

2. Neutral, or gypsum, water. 

3. Acid water. 

Numbers 1 and 2 are very frequently 
found together. 

Numbers 2 and 3, also, are often found 
together. 

Numbers 1 and 3 cannot be found together, 
as they would tend to neutralize each other 
until only one was left. 

Now, all such waters are injurious if put 
into a boiler, the first two because they form 
scale, and the third because it dissolves the 
plates. 

Chemists tell us that carbonate of lime, 
which is the solid constituent. of water 
No. 1, is soluble in water only when that 
water also contains carbonic acid gas in 
solution ; on boiling the water, the gas is 
driven off and the carbonate of lime is no 
longer soluble. 

Baron Bunsen determined the solubility 
of carbonic acid gas in water as 1.7967 vol- 
umes at 32°, and only .9014 volumes at 68°, 
and, whatever the pressure, the dissolved 
volume of gas remains constant. Hence, the 
weight of gas absorbed is proportional to the 
pressure. The amount dissolved decreases 
with rise in temperature, until at boiling- 
point none is left. 

Of the usual impurities in feed-waters, 
100 parts of cold water dissolve .0036 of car- 
bonate of lime and as much as .23 of lime 
sulphate, or gypsum. 

At’ boiling-heat no carbonate remains, but 
there is still left .21 of the sulphate. 

Carbonate of magnesia to the extent of 
.02 is: dissolved Colm This mapDenTn: in 
boiling. 

Sulphate of sod is slants to the extent of 
5.02 of .the anhydrous salt at 32°, and as 
much as 50.65: parts at. 90°, though 42.65 
parts only are soluble at or near boiling- 
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point, showing a decrease beyond a certain 
temperature. | 

Sulphate of magnesia, from having asolu- 
bility of 24.7 at 32°, attains, at 222°, as high 
a solubility as 132.5. 

As in the case of carbonate of lime, the 
presence of carbonic acid is necessary to 
keep in solution the carbonate of magnesia, 
a similar salt. As water can be freed from 
carbonates by boiling, carbonate waters are 
termed ‘‘temporarily’’ hard, to distinguish 
them from ‘‘permanently’’ hard, or sul- 
phate, waters. 

A carbonate water quickly forms scale, 
because the whole of its dissolved lime 
precipitates at once when boiling-tempera- 
ture is reached, but from this it must not 
be inferred that sulphate waters do not 
form scale. They do make a scale, and of a 
worse nature than a carbonate scale, as will 
now be shown: After some hours the water 
in a boiler has changed entirely several 
times and what is then in the boiler is 
saturated with all the sulphate left behind. 
It can then dissolve no further quantity, 
and scale is formed from that time. Fur- 
ther, when the circulation in a boiler is not 
rapid and the steam-raising surfaces are 
near the water-surface, steam is actually 
formed upon the plates, and, as a molecule 
of water goes off as steam, it leaves the 
minutest particle of sulphate right upon the 
plate ready. for instant adhesion, and the 
scale so formed is very tough and tenacious, 
more so than a carbonate scale. 

The great variety observed in the hard- 
ness of scale depends upon the admixture 
of other substances in the water. 

A little clay would probably soften a 
scale by the particles of clay becoming 
intermixed with those of the lime salt, 
and the strength of the scale would be 
decreased. 

Carbonate of lime has the chemical sym- 
bol CaO, CO, which shows that it is a com- 
pound of lime and carbonic acid. As it 
- exists in water it may be written CaO, CO, +- 
CO,, the quantity after the sign of addition 
being the gas which keeps it in solution. 
If, therefore, to water containing lime car- 
bonate in solution we add plain lime, CaO, 
which is the oxide of the metal calcium, 
we cause a peculiar action to take place. 
The lime absorbs the free gas and the 
following equation shows what occurs : 

(CaO, CO, + CO,) + CaO = 2( CaO, CO,). 

We have simply absorbed the gas and 
made more carbonate, which, with the old 
carbonate already present, will all precipi- 


tate. If this process is carried on inside a 
boiler, the quantity of mud formed will be 
large, and after all is done in the way of 
blowing out, we can never prevent some 
scale from forming. : 

In boilers of the Lancashire type it is 
usual for much mud to deposit and harden 
at the back end of the boiler-bottom ; we 
have seen it there from 6 to 8 inches thick. 

If time and space allow, the operation can 
be conducted outside the boiler and the 
water cleared by slow settlement and filtra- 
tion, in which case no scale will be formed 
in the boiler. Inthe March number a form 
of apparatus for this purpose will be illus- 
trated. Another plan has been suggested : 


_ the addition of salammoniac. Salammoniac 


has the formula NH,C/, and the reaction 
with the lime carbonate is as follows: 
CaO, CO, + 2(NH,Cl) = CaCl, +(NH,),COs, 
highly soluble calcium chloride and volatile 
carbonate of ammonium being formed. The 
lime chloride can be blown out and the 
ammonium carbonate goes off with the 
steam. The danger of this is stated to be a 
tendency to the formation of hydrochloric 
acid if the salt is added in excess, the decom- 
position of NH,Cl giving ammonia, NVH,, and 
hydrochloric acid, HCl. .Theformerinjures . 
brass or copper and the latter injures the 
boiler-plates, so that if this method be tried 
it would be advisable on the last count to 
make frequent tests.of the water drawn from 
the boiler with litmus paper, which for the 
water to be safe must be blued byit. If red- 
dened, to correct the evident acidity, we add 
soda, Na,O, when the action which occurs is 
Na,O + 2HCl = 2NaCl + H,O, or simply 
common salt and water, which would in time 
accumulate and require blowing out. In 
the face of the risk, this method is not to 
be specially recommended. 

The most common present-day practice is 
the use of soda, NaO,, either in its anhydrous 
form or as its caustic hydrate NaOH. The 
effect of this when put’ into a carbonate 
water is as follows: CaO, CO, + CO, + 
Na,O = CaO, CO, + Na,COs3. 

The lime falls on the subtraction of the 
free gas, and carbonate of soda is formed ; 
the latter being very soluble, may be. 
neglected for a long time. This process 
still leaves the sediment in the boiler to be 
blown out, and is necessarily accompanied 
by a waste of hot water. 

Turning now to sulphate waters, we have 
for lime sulphate the chemical formula 
CaSO,, and it is found that if to water 
containing gypsum we add carbonate of 
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soda, or Na,CO,, the following reaction takes 
place: CaSO, + Na,CO, = CaCO, + NaSO,. 

Of these the first is our old friend, carbon- 
ate of lime, which precipitates, and the next 
is sulphate of soda, which is very soluble 
and harmless, and may be long neglected. 

We notice here, then, a curious fact. 
When we use plain soda for dealing with 
lime carbonate, we get as one product car- 
bonate of soda, which is just what is needed 
for dealing with the lime sulphate. This 
was first pointed out by Dr. Smith, who 
argued correctly that in water which con- 
tains both carbonate and sulphate there is a 
double decomposition effected, the soda 
added doing duty first upon the carbonate, 


~ and then, when itself turned to carbonate, 


proceeding to act on the sulphate, thus turn- 
ing all the dissolved lime salts to mud and 
itself becoming sodium sulphate. Ofcourse 
it is necessary to know, in making use of 
this double reaction, what the ratio is of 
carbonate to sulphate in a mixed water. It 
is not necessary to go deeper into the ratio 
of the combining weights of lime and soda 
salts, it being sufficient for our present pur- 
pose to know that 100 parts by weight of lime 


carbonate will call for 80 parts of caustic 


soda, 2(NaHO), to neutralize its suspension 
and precipitate it, or 62 parts of the anhy- 
drous oxide Na,0O. 

Again, 100 parts of lime sulphate call for 
78 parts of carbonate of soda to precipitate 
the sulphate as carbonate. Now, 78 parts of 
carbonate of soda is equal to 45.6 parts of 
anhydrous caustic soda and to 59 parts of 
true caustic, 2( NaHO). 

The ratio of the caustic soda equivalents 
in the two cases of lime carbonate and sul- 
phate is 1.36 : 1.00 orl : 0.734, that is to say, 
practically, as 8 to 6. In other words, if a 
water contains 6 grains of carbonate of lime, 
the precipitation of this by caustic soda will 
produce as much carbonate of soda as will 
then convert 8 grains of lime sulphate into 
carbonate. | 


The rules to be followed for different 


ratios are: | 

1. Carbonate waters: For each 100 grains 
of the carbonate of lime add 80 grains of 
caustic soda. 

_ 2. Sulphate waters: For each 100 grains 
of sulphate of lime add 78 grains of carbon- 
ate of soda. 

3. Mixture of both lime carbonate and 
sulphate: For the carbonate add 80 grains 
of caustic soda per 100 grains, as in rule 1. 
For the sulphate, subtract from the amount 
of sulphate per 1,000 gallons, 1.36 times the 


weight of lime carbonate. If there is any 
remainder, add 78 grains of carbonate of 
soda for each 100 grains, asin rule2. Thus, 
if the sulphate does not exceed in quantity 8 
grains forevery 6 grains of carbonate, it may 
be neglected, for the caustic soda will be suffi- . 
cient for this when it has done its part on 
the lime carbonate. In speaking of caustic 
soda we refer to the substance known as 
sodium hydroxide (NaHO), not’to the dry 
powder formed by oxidizing sodium, which 
is rarely seen commercially. 

The commercial caustic is originally made 
from carbonate by boiling with quicklime, 
settling, and evaporating the clear solution, 
and must not be confounded with soda ash, 
which is, or ought to be, carbonate of soda. 
Commercial soda ash often contains as much 
as 50% of impurities, such as the sulphate, 
sulphite, and chloride of soda. 

Before considering how to prevent scale, 
it is perhaps as well to state that no amount 
of treatment with soda will remove depos- 
ited lime from the inside of a boiler. What 
soda can do is to facilitate the separating 
of carbonate of lime and to change sulphate 
into carbonate. 

Before going further, the third class of 
water calls for notice, namely, acid water. 
This is not found to accompany carbonate 
water, but may accompany water con- 
taining sulphates. The reason for this is 
simple. If acid water is mixed with chalk, 
or carbonate, water, the acid acts upon the 
carbonate and converts it into sulphate or 


chloride, until either the acid is neutralized 


or the carbonate is wholly converted. 

The causes of acidity in feed-water are 
various and sometimes unexpected. 

In one case met with by the writer, the 
explosion of a steam-boiler could be traced 
to the unexpected acidity of feed-water. 
The owners of the boiler—new owners—were 
men who were working several other boilers 
with the same stream of water and used 
little or no soda. They treated their newly 
acquired boiler in the same manner, and it 
exploded in a few months from rapid 
internal corrosion. Investigation by the 
writer and others revealed the fact that the 
exploded boiler drew water from a water- 
wheel by-wash, while the uninjured boilers 
drew from the same stream 200 yards lower 
down where the by-wash and main body 
of the stream had become mixed by passing 
over a fall. Further search revealed a drain 
discharging ‘‘spent acid’’ from an electro- 
plating works into the by-wash at the same 
side as the feed-pipe inlet of the exploded 
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boiler. This was sufficient to account for the 
explosion. Below the fall the acid was 
diluted in the main stream; above, it was 
stealthily creeping along the bank. There 
are natural acid waters also. In them the 
acidity sometimes arises from sulphate of 
iron, sometimes from vegetable matter. 
There is one cure for acid water, and it is 
an easy one; the acidity must be neutral- 
ized by adding alkali in sufficient quantity. 
This alkali may be lime or it may be soda, 
and in some waters as much as half a pound 
of soda carbonate is required for each 1,000 
gallons of water ; for some large boilers this 
means a daily addition of from 2 to 4 
pounds of soda carbonate. Lime would 
neutralize double the quantity, but would 
then go into the boiler and form ‘scale. 


It seems reasonable to suppose that when 
an acid water must be used it would be well 
to pass it through a filter of limestone 
chips. These would neutralize the acidity 
and possibly only become changed by the 
water and not dissolved and carried away 
with it. In any case, to prevent rapid cor- 
rosion by the water it must be served with 
sufficient alkali to cause it to produce the 
blue reaction on litmus paper. 

As regards the final removal of scale or 
mud, there are two opinions. One is that 
the removal of sediment after treatment 
should take place outside the boiler; the 
other, that the sediment should be removed 
from the inside of the boiler. 

In the March number various methods 
will be explained and illustrated. 
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Wuar ConstiruTES A SATISFACTORY PAVEMENT—THE WEARING-SURFACE, BAsE, AND NATURAL 


FouNDATION—QUALITIES ESSENTIAL TO AND MATERIALS SUITABLE FOR EACH. 


AN reference to the purposes for which 
they are used, pavements may be 
considered to be of two general 
classes, namely, roadway pavements and 
footway pavements. 
the pavement for a roadway should possess 
a smooth, even, and reasonably hard sur- 
face, affording easy and comfortable transit 
for vehicles at any ordinary speed, and that 
footway pavements should be of such a char- 
acter as to be easy and pleasant to walk 
upon. We all recognize a satisfactory road- 
way pavement when we ride over it,and a 
suitable footway pavement when we walk 
upon it, but we are not generally familiar 
with the conditions essential to a properly 
constructed and satisfactory pavement of 
either kind. Indeed, comparatively few of 
us understand of what a pavement really 
consists, further than that we are able to 
name the material in the surface of those 
pavements with which we are familiar. In 
the present article we will endeavor to learn 
something about the essential parts of, and 
the conditions requisite to, a suitable road- 
way pavement. | 
Pavements are for the purpose of improv- 
ing the facilities for; and reducing the 
expense of, the transportation of merchan- 
dise and all industrial products, and for 


It is desirable that: 


increasing the safety, speed, comfort, and 
pleasure of travel. Such are the purposes 
for which they are constructed, and for 
any particular case, the pavement that 
will meet these conditions most effectually 
and with the greatest degree of economy, 
will be the best and most suitable. It 
should afford a smooth, even surface, offer- 
ing the least possible resistance to traction 
and over which vehicles may pass with 
ease, safety, and comfort, and should, at the 
same time, furnish an impervious covering 
that will protect the soil of the natural 
foundation ; it should also have strength to 
distribute the weight of the loads concen- 
trated upon the wheels over sufficient areas 
of the natural foundation to be supported 
without destructive effect upon that foun- 
dation. This is necessary in order that the 
pavement may retain its smooth and’ even 
surface. ; 

In the construction of a pavement we 
have to deal with three different, and more 
or less distinct, features, namely, the wear- 
ing-surface ; the base, or artificial foundation ; 
and the natural subsoil foundation, or roadbed. 
The first two are integral parts of the arti- 
ficially constructed pavement, while the 
last generally consists of the bed of natural 
earth, or subsoil, upon which ‘the pavement 
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rests, although, where the natural soil is 
very unstable, this foundation, also, is some- 
times artificially prepared. | 

The wearing-surface is the upper layer of 
material which constitutes the finished sur- 
face of the roadway and which sustains the 
traffic; it is that visible portion of the 
pavement with which we are familiar, and 
by which the traffic is directly affected. In 
order that this wearing-surface may be sat- 
isfactory for public travel, there are certain 
qualities which it should possess. 

It should be impervious to water or other 
liquids that may fall upon or flow over its 
surface, and its surface should be of such 
form as to promptly discharge them into the 
side gutters and drainage outlets. 

It should be hard, tough and durable, so as 
to resist the wear of the traffic and the dis- 
integrating effect of the elements. 

It should be smooth and even, so as to offer 
the minimum resistance to traffic, and, at 
the same time, should be of such a character 
as to afford a secure foothold for horses, 
and one which will not become polished 
and slippery from use. 

It should be comparatively noiseless, of 
such a character as to yield very little dust 
or mud, and should be easily cleaned. 

It should be adapted to the grades and 
suited to the traffic. 

There are‘a number of different kinds of 
material that fill the above requirements 
more or less perfectly, and that have proved 
reasonably satisfactory. Others have also 
been tried, but have not proved suitable. 
The following materials have been quite 
extensively used, namely: asphalt, bricks, 
stone blocks, wood blocks, cobblestones, and 
hroken stone. These materials are named in 
about the order of their comparative merits, 
although the true value of any one of them 
depends largely upon the character of the 
trafic to which it -is subjected. For 
instance, if the pavement is subjected to a 
constant and exceedingly heavy’ traffic, 
granite blocks will be the best material for 
the wearing-surface ; for a residence street, 
having a moderate traffic of reasonably light 
character, with more or less_ pleasure- 
driving, asphalt may be the best. Most of 
the materials named above have proved 
reasonably satisfactory for the wearing-sur- 
faces of properly constructed pavements 
where the traffic is of the character to which 
the material is adapted. 

As the surface is the only part of a com- 
pleted pavement that is visible, we very 
naturally designate the pavement by the 


name of the material constituting its wearing- 
surface, and we are very apt also to consider 
the wearing-surface to be in all respects 
representative of the entire pavement. We 
not uncommonly attribute the condition of 
a pavement, and whatever of merit it may 
possess, wholly to the wearing-surface ; if 
the pavement has proved satisfactory, we 
generally think that another pavement, 
having a wearing-surface composed of the 


same material, would be equally satisfac- 


tory ; and if the pavement has not proved 
satisfactory, we are inclined to condemn all 
pavements having wearing-surfaces of the 
same material. 

This idea, though quite common, is very 
erroneous. The wearing-surface is a very 
essential part of any pavement, and none 
can be satisfactory unless this portion of 
it is formed of suitable material and is 
properly constructed. Though it be ever 
so well constructed, however, the wearing- 
surface cannot satisfactorily sustain the 
traffic without being in turn supported by a 
firm and unyielding foundation, any more 
than the superstructure of a building can 
support its contents and retain its proper 
form unless it is upheld by a suitable foun- 
dation, or than a vehicle that is mounted on 
broken wheels can be a satisfactory means 
of transportation. 

As a matter of fact, the wearing-surface of 
a pavement is properly little more than a 
surface, and, of itself alone, is not. capable 
of sustaining traffic and ‘distributing weight 
over a sufficient portion of the yielding soil 
beneath it. It is, therefore, necessary that 
the wearing-surface of any pavement should 
rest upon, and be sustained by, a founda- 
tion having sufficient strength to resist 
deformation from the concentrated loads 
of the traffic, and it should also distribute 
the loads over’ sufficient areas of the under- 
lying soil so that the soil will not be 
unevenly compressed or distorted, but will 
sustain the loads without injury. In any 
pavement, the value and condition of the 
wearing-surface, and, consequently, of the 
pavement asa whole, will depend largely 
upon the efficiency of the foundation. It 
is thus seen that a well-constructed founda- 
tion of suitable material is very essential. 

The materials commonly used for the 
foundations are hydraulic cement conerete, 
bituminous concrete, broken stone, bricks, gravel, 
sand, and plank. Here, again, the materials 
are named in the order of their respective 
merits. Hydraulic cement concrete, com- 
posed of hydraulic cement, sand, and broken 
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stone, forms, when it has become _ thor- 
oughly set, a solid, unyielding foundation 
that is also impervious to water; it very 
efficiently distributes the loads upon, and 
protects, the underlying soil of the natural 
foundation ; the same is, to a less extent, 
true of bituminous concrete, which is com- 


monly composed of coal-tar residuum, creo- 
sote-oil and broken stone. Bricks, broken 
stone, gravel and sand all form, under suit- 
able conditions, reasonably solid, but not 
impervious foundations, while foundations 
formed of planks are neither unyielding nor 
impervious. Plank foundations, as usually 
constructed, are not capable of distributing 
the loads concentrated upon the wheels 
over sufficient areas of the underlying soil 
to.prevent the latter from being unevenly 
compressed ; depressions are formed in the 
subsoil by the passage of heavy loads, which 
not only allow the planks to spring with 


the passage of all subsequent loads, thus 
disturbing and destroying the form of the 
wearing-surface, but also retain water and 
tend to further destroy the natural founda- 
tion. Plank foundations form at best but 
temporary expedients ; under the usual con- 
ditions they soon decay and become even 
worse than useless. 

The soil of the natural foundation should 
consist of suitable material. Hardpan, 
gravel, and sand are the best materials ; clay 
is good if well drained; any ordinary 
earthy material is generally satisfactory if 
free from decaying vegetable matter ; humus, 
or vegetable mold, is not suitable. Where 
the natural soil is unsuitable, it is usually 
necessary to excavate it to a considerable 
depth and fill in with suitable material, 
such as gravel, sand, or hardpan; a mix- 
ture of gravel or sand with clay forms a 
good material for this purpose. 
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In the accompanying illustration is shown 
the cross-section of a brick pavement. The 
wearing-surface b is composed of bricks set 
on edge upon the layer of concrete c, which 
is spread upon the natural earth foundation 
e. The curbing & consists of thin slabs of 
stone set along the edges of the roadway to 
define its boundary and serve somewhat as 
a retaining wall for the adjacent earth. 
The flagstone f of the sidewalk rests directly 
upon the layer of sand s, which is spread 
upon the natural earth foundation e, and 
acts somewhat as a cushion to distribute and 
equalize the pressure. 
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THEORETICAL AND PRACTICAL FoRMULAS—RULES oF THuMB Nor PRActTICAL FORMULAS—THEORY 


AS A Test, SAFEGUARD, AND GUIDE—RIVETED JOINTS AS AN EXAMPLE. 


HE controversy between theory and prac- 
tice in the machine-shop, or between 
the drafting-room and the shop, or 

the college-graduate engineer and the prac- 
tical machinist, is as old as the art of 
machine-building. There is no doubt that 
machines were built long before theory 
gave us the reasons for the results obtained, 
and long before the age of formulas. Among 
the artisans of old, rules always existed, 
deviating from which would have been 
dangerous in many ways, and those rules 
were, in the majority of cases, so well 
established by the results obtained that 
their correctness could not and cannot 
to-day be questioned ; they have stood the 
test of theoretical investigation since. But 
there have been other rules, long cherished 
ones, many of which are still lingering in 
the minds of some people, rules that theory 
has no explanation for. These are the 
‘rules of thumb.’’? While a purely theo- 
retical solution of even the simplest prob- 
lem in the mechanical arts must necessarily 
be incomplete on account of the utter 
impossibility of theoretically considering 
each and every secondary influence bearing 
on the final result, theory is the only test, 
safeguard, and guide for our practical rules. 
The ‘‘theoretical formula’’ forms as_ it 
were the skeleton upon which practical 
experience builds the flesh which must 
be added to complete the body, and the 
result is the ‘‘ practical formula,’’ which 
takes account of all minor details and 
allows for all those secondary influences 
which theory had overlooked, either pur- 
posely, to avoid too complicated a formula, 
or without purpose, in cases where the true 
cause of a certain effect had not been recog- 
nized. The more thoroughly theory inves- 
tigates causes and subsequent effects, the 
more closely do its formulas tally with those 
obtained by practical methods, until finally 
the ideal ‘‘theoretical’’ formula becomes 
at the same time the ideal ‘‘ practical’’ one. 
Of these there are at present very few. It 
is hoped, however, that there will come a 
time when eternal peace will reign between 
theory and practice, and when there will 
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be no more mysterious rules of thumb that 
cannot be made transparent even to the 
strongest X-rays that science can produce. 

In order to illustrate the above, there are 
given below a number of practical formulas 
and tables relating to riveted lap-joints—a 
subject that is generally among the first to 
be treated in text-books on machine design ; 
and a few remarks pointing towards the 
theories involved are added. The tables 
are considered as embodying the best prac- 
tice and are valuable, therefore, to the 
practical machinist in laying outsuch work. 

In every case the thicknegs ¢ of the shell is 
given, and upon this the other data are 
dependent. Commencing with the dimen- 
sions e, Fig. 1 (the distance of the center line 
of rivets from the 
edge of each plate) 
these must be such 
as to ensure safety 
against the breaking 
of the plate as indi- 
cated at A. A simple 
theoretical formula 
for calculating the 
values of e cannot 
well be given, as the 
strains and stresses 
at these points are 
complicated on ac- 
countofcalking. Itis 
an ordinary practical 
rule to make e equal 
to 14 times the diameter d of the rivet; for 
thin plates this may be somewhat increased, 
say to 1$ times the diameter of the rivet. Too 
wide laps make it difficult to calk the joints, 
but, nevertheless, some advise as wide a lap 
as 3 to 34 times the diameter. The diam- 
eters of the rivets should be such as to be 
secure against crushing as well as shearing. 
The diameters d given in Table I are safe 
against crushing, and if the proper pitch, 
or distance between rivets, is chosen, they 
will also be safe against shearing. The diam- 
eter of rivet can be found by theoretical 
deduction, taking into account the fact that 
there is a limit to the size of hole which it 
is possible to punch; or, in other words, 
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Fig. 1. 
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that, if the diameter of the punch is smaller 
than a certain limit, the punch will be 
crushed. As, however, much diversity of 
opinion exists as to the ‘‘standing quality”’ 
of a punch, it will be evident that a theo- 
retical formula thus evolved would not be 
satisfactory. A practical rule however is the 
following: d= jfi-+ ?/”. By this formula 
the values in Table I Tice been calculated. 


TABLE I. 
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Beh fe To prevent the bursting of 
Bs 1s the shell along the center 
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g 13 tance between the latter—or 


—. the pitch p—must be large 
wneuat Theory says as follows: Take a 
strip A of the width p. (See Fig. 2.) Theends 
of this strip are held together at the joint by 
one rivet. Suppose sufficient force is applied 
to tear the joint apart, then, either the 
rivet will be shorn off or the plate will burst 
along the center line BC. To give equal 
chance to both elements, the. shearing 
strength of the rivet must be equal to the 
tensile strength of ‘the metal of the plate on 
both sides of the rivet-holes (»—d). Now it 
is very easy to make ae the following 
equations: 
a Rize A y, es 
a= cross-sectional area of rivet ; 
A = cross-sectional area of plate 
between two rivet-holes = 
(p—d) Xt; 
S,=shearing strength of mate- 
rial of rivet per square inch ; 
_ §,=tensile strength of material 
of plate per square inch. 
axsS,=(p— d)XtxXS8, 
ax 8, 
‘Xs, + d=p. 

If the tensile strength of the material of 
the plate is known, either from its being 
stamped on the plate, as is, often. done, or 
by actual, testing, and if the shearing 
strength of the rivet material is also known, 
_ the above formula seems at once serviceable. 


in which 


But it is a purely theoretical formula and, 
as is to be expected, does not allow for vari- 
ous minor influences which are at work on 
the final result. As will be seen from Fig. 
2, it is necessary, first, to make allowance 
for the fact that the plate ata lap-joint is 
subjected, not to a straight pull, but toan 
oblique one and has therefore to resist a 
force which tends to bend it. We cannot 
therefore insert the full tensile strength in 
our formula, but must use a smaller amount. 
Thus, if a material has by test a tensile 
strength of 45,000 pounds, it will be well to 
substitute 40,000 in the formula. Punching 
the holes will also have some effect on the 
strength of the plate, the material being 
crowded up around the edge of the hole. 
Annealing rectifies that however to a great 
extent. Fig. 2 also shows that the rivet is 
not subjected to a shearing stress pure and 
simple, but to tension as well. It will be 
advisable, therefore, to modify the constant 
for S,also. It must further be remembered 
that it makes a great difference whether the 
rivet-holes are punched or drilled. 46,000 
pounds per square inch is a good value 
for iron rivets in punched holes. With 
these values, then, ‘000. formula now reads 

a Xx 46, 

i< 40,000 | ¢=P- 

Table II has been originally calculated 
from this formula, but the figures for p 
have been still 
more ‘‘rounded 
off,”’?. so as to in- { 
crease more uni- 
formly with the 
thickness of the f 
plates. 

The original for- 
mula having been 
so much modified, 
it is not consid- 
ered by many any- 
thing out of. the | 
way to go one step 
further for simplic- 
ity’s sake and to 
assume S,—=S,, which makes the formula 
look like oe 


- ~ + d= p. 

From. this, Table III has been calculated. 
The assumption that S,—S, is not neces- 
sarily arbitrary, however, as, in cases where 
the holes are drilled in iron plates, this con- 
dition approximately exists. The figures in 
Table III are also, better suited for steel 
plates and iron rivets. 
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TABLE II. 
Single-riveted lap-joints 
for wrought-iron plates, 
holes punched, not an- 


TABLE III. 
Single-riveted lap-joints 
for wrought-iron plates, 
holes drilled, or steel plates 


nealed. with iron rivets. © 
Fo cali ea let ee gee: ———— as * Sg 
t | d p eee Gin | p 
- . ———. | SS 
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3 1g 3 pte ei 23 
TABLE IV. | 


Double-riveted lap-joints for wrought-iron plates, punched 
holes, not annealed. 


t d p c 
Inch. Inch. Inch. Inch. 
te 3 2 1? 
+ ts 24 3 

16 33 4. 2 
3 2 23 26 
is +8 23 23 
3 +8 3 26 
ec: $ 3 248 
8 +8 33 3 
ts 1 38 33 
2 l¥s 33 33 
| Ads 84 33 
$ 1g 4 33 


For double-riveted Jap-joints our last for- 
mulas evidently take the following forms : 
2a -+- 46,000 55 ' , 2a ae 7 
¢ + 40,000 +d=p,; t +d=p, 
as can easily be seen from Fig. 3, following 
the same reasoning as before in dealing with 


drawn around the two adjoin- 


the single joint. Tables IV and V give 
good practical values for p. 

It remains to say something about the © 
values of c, the distance between center lines 
of rivets. These have been 


' chosen simply so that each @ 


rivet lies outside of two circles 
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x 


ing rivets with a radius equal % 
Pp nd °. D) 

to =< as shown in Fig. 4. HOME STUDY. 
2 Fig. 4, 


TABLE V. 
Double-riveted lap-joints, for wrought-iron plates, drilled 
holes or steel plates with iron rivets. 
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re t8 25 276 
3 8 23 28 
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The foregoing illustration shows how 


much practical rules deviate from the results 
of theoretical calculations ; it shows also, 
however, that the latter are the true start- 
ing-points—the foundations to build on with 
practical experiments. The same’ principle 
should be followed throughout the whole 
field of machine-designing. There are even 
many cases where a calculation beforehand 
is out of the question, where one must 
almost lay out the whole machine by intui- 
tion and then go over it with the magnify- 
ing-glass of theory, and add where we find 
too little and take off where we find too 
much. 
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Irs MANUFACTURE—How i1T Is PurRIFIED—WeEtr AND Dry Merers—ANALYSIS OF THE GAS- 


FLAME—PRINCIPLE OF THE BUNSEN BURNER. 


NCIENT philosophers regarded fire and 
water as two elements which were in 
direct opposition to each other. But 

modern science has demonstrated that 
water can be decomposed into two gases, 
one of which will burn; and again, that 
water is one of the products of combustion. 
For experimental purposes, the decomposi- 
tion of water into hydrogen and oxygen 
is effected by electrolysis—a method fully 
described in Home Strupy MaaGazine for 
December, 1896. We will now describe the 
commercial process employed in the man- 
ufacture of hydrogen- or water-gas—explain- 
ing how it is made to furnish light and heat 
for public use. 

The first operation is carried on in the 
‘‘generator.’’ This is practically a large 
receptacle or fire-pot, so constructed that it 
can be hermetically sealed at the bottom, 
in order to prevent the entrance of air. It 
is filled with a mass of anthracite coal— 
technically called a ‘‘charge.’’ This is fired 
and brought to a state of incandescence 
through the aid of a blast of air from a 
blower. This is the only draft that the 
fire receives, since the generator is sealed. 
The heated gases—the product of this vigor- 
ous combustion—pass upwards through the 
‘‘superheater’’ or ‘‘regenerator.’’ Here 
they meet with a surface of hot brickwork, 
arranged in a checkered fashion in order to 
expose the ascending gases to a large heat- 
ing area. The air-blast is continued until, 
on looking through the peephole at the 
side of the regenerator, these bricks are 
seen to be very highly heated. The air- 
valve is then closed and a jet of steam is 
forced upward through the glowing coal. 
The heated carbon, searching for oxygen, 
cannot find it. in a free state now that the 
air-blast is shut off, so it takes it from the 
steam, uniting with it to form carbon 
dioxide (CO,) and liberating the hydrogen. 
But in passing through the remainder of 
the glowing coal, the greater part of the CO, 
loses one more atom of oxygen and becomes 
- carbon monoxide (CO). This is the gas 


which burns with a pale blue flame on the 
top of a freshly-coaled fire. It is the result 
of carbon burning in an insufficient supply 
of oxygen. 

The gases, then, which pass upwards into 
the regenerator are hydrogen, carbon mon- 
oxide and carbon dioxide ; and, in addition 
to these, there are sulphur gases formed 
from the impurities inthe coal. Asall these 
gases enter the lower end of the regenerator, 
they meet with a spray of petroleum, which 
is forced in by a small jet of steam. The 
purpose of this petroleum is to furnish car- 
bon to the gas, petroleum itself being what 
is called a hydrocarbon, that is, composed 
largely of hydrogen and carbon. Now, 
hydrogen alone is not an illuminant; it 


Fig. 1. 


burns witha pale blue flame. Every illu- 
minant, whether candle, lamp, gas, or elec- 
tric, depends upon incandescent carbon for 
its luminosity; carbon, then, is added to the 
gas to make its flame luminous. 

The gases mingle with the petroleum 
spray and rise to the surface of the heated 
brickwork. Here the intense heat volatilizes 
the oil, which becomes chemically changed 
into various gaseous and tarry products. 
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After the steam-blast has been in operation 
for about 20 minutes, it is necessary to re- 
heat the apparatus, so the steam-valve is 
closed and the air-valve opened. Onecharge 
of coal lasts through two complete charges 
of steam and air, or about 80 minutes. These 
figures vary considerably under different cir- 
cumstances. The quantity of gas liberated at 
each coal charge is from about 12 to 15 thou- 
sand cubic feet. Inthe 24 hours of a winter’s 
day, about 10 charges of coal are used. 


The chemical action which takes place in 


the regenerator is called ‘‘ fixing the gas. ”’ 
This hot fixed gas contains some tarry prod- 
ucts which are condensable. These must 
be removed, or the gas-pipes would soon 
become choked. So the gas is passed through 
a sort of trap, filled with water. 
it somewhat and also prevents any back- 
ward rush. It then enters what is called a 
‘‘scrubber.’’ There are various forms of 
scrubbers, but the main principle of them 
all is to bring the gas in contact with a con- 
stantly renewed supply of cold water. 
cooling condenses the heavy tars and they 
flow out at the bottom of the scrubber. The 
gas is then passed through other condensers, 
similar in construction to the ordinary 
upright tubular boiler. The hot gas passes 
through the tubes, entering them at the top 
and passing out at the bottom. These tubes 
are surrounded by cold water, which enters 
‘at the bottom, under pressure, and flows 
out at the top. From one condenser the gas 
passes on to a second and sometimes to a 
third, and when it makes its final exit, it is 
quite cool. | 

The gas next passes into a system of pipe- 
works, through which it is diverted by 
means of valves into the purifiers. These 
purifiers consist of large flat iron boxes. 
They are arranged in sets of four. Three of 
them are always in use, the fourth being 
kept for a change-off during the cleaning of 
any one of the other three. 
tains a mixture of oxide of iron, lime, and 
sawdust. The sawdust has no chemical 
effect, being added merely for the sake of 
keeping the lime and oxide of iron in a state 
of mechanical separation. The lime unites 
with the carbon dioxide and forms calcium 
carbonate. It also takes up some of the sul- 
phur, forming sulphide of calcium. The 
remaining sulphur compounds are taken up 
by the iron oxide, and form sulphide of iron. 
The gas is now ready for use and passes into 
the station meter. 

This consists of a large cylindrical vessel 
about 10 feet in diameter and 15 feet long. 


This cools. 


The — 


Each box con- - 


An exterior view is shown in Fig. 1. The 
interior is represented in Fig. 2. The vessel 
is a little more than half-full of water. The 
gas enters at P above the surface of the 
water, and passes into one of the four par- 
titions of the drum, as shown. Its exit is 
cut off at C by the water, so it raises the 
partition; in other words, it causes the 
drum to rotate in the same direction as 
the hands of aclock. Asthe outer end of the 
partition emerges from the water at D, 
the gas escapes into the space between the 
drum and the external cylinder and passes 


out through a pipe not shown in the figure. 


This instrument is known as a wet meter and 
is an accurate index of the output of the 


Fig. 2. 


| works, for it is operated entirely by the pres- 


sure of the gas; and since each partition 
holds a known amount, the total volume 
which passes through the meter may be 
measured by recording the number of revo- 
lutions. This is done by a mechanical 
counting device attached to the cylinder, 
the dials in front recording the number. 
After escaping from the meter, the gas 
flows through pipes to the gas-holder shown 
in Fig. 3. This consists of an inverted ves- 
sel of sheet iron, which floats in a tank of 
water, and rises and sinks as the volume 
of gas in it varies. The pipe through which 
the gas enters, opens above the surface of the 
water, and another pipe placed on the oppo- 
site side provides for its exit. Asthe holder 
rises and falls, it is kept in position by the — 
rollers or pulleys shown in the figure. The © 
modern gas-holder is a triumph of mechan- 
ical skill. Much ingenuity has _ been 
expended in constructing a holder which 
would have the necessary strength, and still 
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be of light weight. There may be several 
cylinders, or lifts. As soon as one is filled, 
it hooks into a projecting flange on the next 
lower one and raises that. It is a very 
important part of the gasworks, as it accom- 
plishes several purposes. It stores the gas 
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that is manufactured during the part of the 
day when there is little demand, and, when 
the gas is in use, forces it out with a nearly 
constant pressure by reason of its own 
weight. It also mixes the gas from different 
charges so that the product as sent through 
the mains will be of uniform illuminating 
power. 

The amount of pressure in the mains is 
regulated by the ‘‘station governor.’”’ This 
instrument is so delicately constructed that 
the opening of 20 burners on the mains will 
cause it to automatically increase the supply. 
Near the ‘governor is a U tube containing 
water. One arm is open to the air, and the 
other is subject to the pressure of the gas. 
The difference in height of the two columns 
indicates the pressure. In the office, an 
automatic register and pressure-gauge are in 
sight of the superintendent. These read the 
same as the U tube in front of the governor, 
and a breakdown is immediately discovered. 

From the governor’ the gas passes out 
through the mains. Sometimes, when the 
mainsextend a great distance from the works, 
an auxiliary holder is constructed, which 
regulates the pressure for that district. At 
the consumer’s the gas is again measured 
by a small dry nieter. | 

Let us now examine the flame ofthe burn- 
inggas. Just above the tip is the blue space 
marked H in Fig. 4. If we insert the end 
of a glass tube into this space, we may 
observe a deposit of water near the upper 
end. On the approach of a match the 
issuing gas will ignite. This blue area of 


intense heat and low illuminating power is 
burning hydrogen. It unites with the oxy- 
gen of the air and forms water, which con- 
denses in the upper part of the tube. Along 
with the hydrogen come the hydrocarbons. 
They are decomposed in.the dark space just 
above H—marked C—and the carbon is free. 
During its passage through the flame, it 
becomes incandescent, and then unites with 
the oxygen of the air to form carbon diox- 
ide. When there is an excess of carbon or a 
deficiency of oxygen, all the carbon is not 
consumed, and it escapes in the form of soot. 
The dark fringe around the flame is caused 
by the condensation of the carbon as it 
meets with the cool air. If we raise the 
tube from its first position, until the end lies 
in the area of illumination, the little flame 
will go out, and in its place we will have 
smoke. | 

If acold glass plate is brought near the 
top of the flame, a band of soot will be 
deposited upon its surface. If now we take 
a tube and blow through the flame horizon- 
tally at H, the entire flame will become blue. 
If we now hold the cold plate near this 
flame, no soot will be deposited, showing 
that the carbon has all been consumed. If 
a wire is held in this blue flame, it will 
become white hot in a few seconds, owing 
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to the intense heat produced by bringing 


plenty of oxygen to the flame, and con- 
sumingallthe carbon. This is the principle 
of Bunsen burners and gas-stoves, in which 
air is admitted to the gas-pipe before it 
reaches the burner, is drawn along by the 
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motion of the gas, and furnishes to the flame 
an abundant supply of oxygen. The new gas- 
burner of the Welsbach type consists of an 
incombustible ash mantel which is heated to 
incandescence by a small Bunsen burner. 
The rapid introduction of electricity as 
an illuminant has stimulated the gas manu- 


facturer to the production of a better qual- 
ity of gas, and the provision of means for 
its economical use, both as an illuminant 
and as a heating agent, and the time is 
possibly not far distant when gas will be 
used instead of coal or wood, for cooking 
our food and warming our homes. 


THE ATMOSPHERE. 
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Irs CoMPosITION AND How 


DETERMINED—OuR BREATHING ORGANS—WE LIVE AT THE 


BotrromM oF AN AERIAL OCEAN—DEEP-SEA FIsSH—BALLOONING. 


F ALL our surroundings, we are probably 
most familiar with that invisible some- 
thing which we call the atmosphere, and 

which we are industriously engaged in 
pumping into our lungs ‘‘for dear life,”’ 
every moment of our existence. 

The atmosphere is the aerial envelope 
which surrounds the earth, and con- 
stitutes the ocean of air at the bottom of 
which we are living. The exact height of 
the atmosphere is unknown ; it is generally 
given as from 30 to 35 miles; observations, 
however, upon the zodiacal light and mete- 
oric showers lead us to believe that it may 
be from 50 to 60 miles. 

Thanks to certain self-acting arrangements 
in the nervous system of the animal 
organism, the respiratory organs work 
mechanically and perform their unceasing 
labors so quietly and regularly that, as a 
matter of fact, we scarcely give a thought to 
them, unless, in some way or other, they 
get out of order. It hardly ever occurs to 
us that we are living and breathing at the 
bottom of an immensely deep aerial ocean, 
deeper and wider to an enormous extent 
than the watery oceans we are familiar 
with, and agitated by tides and currents 
and furious whirlpools, compared to which 
the disturbances of the watery oceans are 
the merest pigmies. 

The first question which occurs to ‘the 
thinking mind is, of what is this immense 
aerial ocean composed; what are the gases 
and what their proportions? 

The exact composition of the atmosphere 
has repeatedly been made the subject of 
experimental research. It has been found 
that the air is a’ mixture of oxygen and 
nitrogen in the proportion, according to 


Dumas and Boussingault, of 23.13 of oxygen 
to 76.87 of nitrogen. It also contains.a little 
less than 1 per cent. by volume of a gas, the 
existence of which has been recently dis- 
covered by Lord Rayleigh and Professor 
Ramsey, and named by them argon ; traces 
of carbonic acid gas, and a variable propor- 
tion of vapor of water ; in addition to these 
it contains traces of ammonia, and, under 
certain conditions, a little hydrogen disul- 
phide. 

Air has been brought from the lofty 
Alpine heights,:and from the dry, over- 
heated plains of Egypt; it has been brought 
from an elevation of 21,000 feet by the aid 
of a balloon; it has been examined in large 
cities, such as London and New York, and 
in small, out-of-the-way country places ; 
still, astonishing as it may seem, the pro- 
portion of oxygen and nitrogen remains 
pretty nearly always constant. The presence 
of carbonic acid gas, however, being caused 
by local influences, varies somewhat. 

That the atmosphere is a purely mechan- 
ical mixture of gases, and not a chemical 
compound, has and can be ascertained as 
well by analysis as by synthesis. The former 
method is the one by which Lavoisier first 
established the composition of air. His 
experiment, now a classic one in chemistry, 
was performed in the following way: A 
glass balloon with a long neck, as shown at 
a in Fig. 1, was partially filled with mercury. 
This was heated. The neck passed down 
under the surface of the mercury in an 
adjoining trough } and then up into a bell- 
glass c—also full of air—whose mouth was 
sealed by the mercury. On raising the 
temperature of the mercury in a to near 
the boiling-point, a red powder began to 


30 THE ATMOSPHERE. 


accumulate upon its surface, the volume of 
the air in c at the same time proportionally 
diminishing, until, at the end of twelve 
days, the contraction of volume ceased, and 
the experiment was concluded. The gas 
contained in the apparatus was found to be 
nitrogen ; and, by collecting the red powder 
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and heating it,-the mercury was reproduced 
and a gas evolved, which proved to be 
oxygen. 

This experiment, however, was purely 
qualitative, proving only the broad fact that 
air consisted largely of oxygen and nitro- 
gen, mechanically mixed. An approximate 
quantitative experiment may be easily per- 
formed by taking a graduated tube full of 
air, placing in it a piece of phosphorus p, 
Fig. 2, fastened to the end of a wire, and 
immersing the mouth of the tube in a bowl 
of mercury. By the slow combustion of 
the phosphorus, the oxygen will be removed 
from the air, and the mercury will naturally 
rise to fill the space which the oxygen had 
previously occupied. The nitrogen will be 
left in the tube. Knowing the original 
volume of the air, its composition may be 
easily calculated from the increased volume 
of the mercury in the graduated tube. 

A far more accurate quantitative analysis 
of air, however, may be made by means of 
a piece of apparatus known as an eudiometer 
(see Fig. 3). A measured quantity of air is 
placed in a eudiometer, and hydrogen is 
added in excess of that necessary to com- 
bine with the whole of the oxygen present ; 
on the passage of an electric spark, union of 
hydrogen and oxygen is effected, and on the 
gas regaining its original temperature, the 
volume is found to be much less. As water 
is composed of 2 volumes of hydrogen to 
1 of oxygen, the amount of oxygen pres- 
ent in the gaseous mixture is one-third of 


the diminution observed. The eudiometer 
employed for this purpose should, of course, 
be graduated. Supposing that 10 cubic 
inches of air have been introduced and 
5 cubic inches of hydrogen added ; after the 
explosion the volume will be found to be 
reduced from 15 to about 9 cubic inches ; 

10 cubic inches of air, there- 


; = 2 cubic inches 


fore, contain 
of oxygen. 

The composition by weight is 
most exactly ascertained by 
passing air over red-hot copper, 
due precautions being taken to 
avoid error. The copper is 
placed in a piece of glass 
tubing, as shown at d, Fig. 4, 
with which it is weighed; an 
exhausted receiver b is also 
weighed and attached to one 
end of this tube; the other is 
connected with four U tubes, 
two of which are filled with 
caustic potash and two with sulphuric acid 
for removing the carbonic acid gas and water. 
The glass tubing a is raised to red heat, 
the stop-cocks of the receiver are opened, 
and a slow current of air passes over the 
copper ; its oxygen is removed and nitrogen 
only passes into the empty receiver. The 
gain in weight of the copper represents the 
weight of the oxygen, and that of the 
receiver the weight of nitrogen. 

It has already been stated that carbonic 
acid gas is present in the atmosphere ; the 
breathing of animals and the burning of 
carbonaceous bodies are continually supply- 
ing this gas ; and although this operation is 
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proceeding without intermission, the quan- 
tity of carbonic acid gas is practically con- 
stant. Its amount varies between 3 and 6 
parts in 10,000, according to the locality 
where, and the time when, the gas is col- 
lected. This quantity, small though it may 
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appear, is of vast importance to the vege- 
table kingdom, being the source from which 
all organic carbon in nature is derived. 
Animals can only assimilate carbon from 
previously existing organic compounds. 
Vegetables decompose carbon dioxide, using 
the carbon in the formation of their tissues 
and liberating the oxygen in the free state. 
The effects, therefore, of animal and vege- 
table life on the atmosphere are opposite in 
character: the one removes oxygen and 
returns carbonic acid gas, the other decom- 
poses this compound and again yields oxy- 
gen to the air (this return action is, how- 
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or oppression? It is a well-known fact that 
in the deepest parts of the Atlantic and 
Pacific oceans the pressure of the paltry 
four or five miles of water is sufficient. 
to crush strong-closed vessels of metal or 
thick glass which may be attached to sound- 
ing-lines—a fact which may be easily under- 
stood when we stop to think that every 
fathom, as the mariner says, or in plain 
English, every six feet of water, means a 
pressure of about two and one-half pounds 
on every square inch of surface; so that 
when thousands of fathoms are in question, 
the pressure on every square inch runs well 


Fig. 4. 


ever, partially balanced by the ordinary 
process of decay) ; these two processes going 
on simultaneously, keep the proportion of 
carbonic acid gas in the air within certain 
limits. The decomposition of some rock- 
forming minerals, as feldspar, by the action 
of carbonic acid gas, which combines with 
the bases that they contain, is another 
important drain on the amount of this gas 
in the air. 

The amount of water vapor which the 
atmosphere.contains varies considerably, but 
there is always more or less of this vapor 
present. Its presence may be easily demon- 
strated by bringing a vessel of ice-cold water 
into a room: the vapor condenses on the 
outside as a film of moisture. 

Ammonia is only found in air in minute 
traces. These, however, are important, as 
from them the plants obtain a great propor- 
tion of their nitrogen. 

Having now satisfied our curiosity in 


regard to the chemical composition of the — 


atmosphere, an important physical question 
remains to be settled. 

We often hear the question, Why do we 
not, as dwellers at such an immense depth 
in the aerial ocean, feel any sense of weight 


up into tons. This being so, it is quite 
clear that living creatures at such a depth, or 
even lesser depths, must be so constituted 


_as to be able to stand the pressure upon 


them; and this they are able to do for 
the very simple reason that they are filled 
with fluid already compressed to the same 
extent as that outside them, and hence not 
liable to further compression, so that they 
are quite at their ease despite their enor- 
mous burden. Let, however, one of these 
denizens of the deepest sea yield to the 
temptation of the plummet, and mistaking 
it for a dainty morsel, pay the penalty by 
being hauled up with it to the surface, and 
what will then happen? Sad to say, long 
before the surface is reached, the outside 
pressure being reduced, the compressed 
fluids inside expand, and bang goes the 
entire economy of the poor, deluded aspirant 
to ‘‘realms above,’’ where nothing but tat- 
ters and fragments arrive, as the result of 
the explosion. 

We deep-sea fish of the aerial ocean find 
ourselves exactly in the same predicament, 
under similar conditions. Our bodies are 
permeated with fluids and gases all com- 
pressed to exactly the right degree by the 
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weight of the air above and around us. 
Hence, as a general rule, we do not feel any 
sense of oppression, notwithstanding that 
every square inch of us bears a weight of 
nearly fifteen pounds; though, doubtless, 
our feelings of discomfort under unusual 
conditions of the barometer may be imputed 
to this fine adjustment being slightly upset. 

Let us, however, try to upset it a little 
more by chartering a balloon and imitating 
our hungry and dainty fishy friends. Fora 
few thousand feet’ we will feel all right 
enough, and we can regard the prospect 
below with fair equanimity. Presently, 
however, ourinternal adjustment begins to go 
wrong ; we begin, apparently, to swell—not, 
perhaps, so visibly as Sam Weller’s young 
woman at the tea-meeting—but certainly 
enough to render us rather uncomfortable, 
and this swelling sensation goes on increas- 
ing the higher we rise, until, unless the 
balloon-valve is pulled in time, our veins 
burst their walls. 

Between the aerial and the watery ocean 
there: are, however, wide differences of con- 
dition, apart from the minor one of density. 
In the watery ocean it is the surface which 
forms the chief area of life and tidal activity. 


The water in the profoundest depth is nearly 
motionless, is wrapt in absolute darkness 
(so far, at any rate, as sunlight is concerned), 
and its temperature, even under the tropic 
sun, is at or very near freezing-point. 

In the aerial ocean, on the other hand, 
though the greater lightness of air permits 
its currents to influence it from bottom to 
top, the chief area of life is at the bottom ; 
light permeates it freely, and while the tem- 
perature at the bottom may be high, it is 
only necessary, even in tropical countries, 
to ascend a comparatively few thousands of 
feet to find not merely that the freezing-point 
is reached, but that the higher we climb the 
colder it becomes, until, finally, could an 
unexploded mortal manage to reach its 
limits, the inconceivable cold of space itself 
would be encountered. These opposite con- 
ditions are both due to one and the same 
cause. It is the life-giving rays of the sun, 
which, refusing to part with their heat to 


‘the air, and unable to penetrate beyond a 


short distance into the water, confine their 
beneficent warmth to the earth’s surface as 
the bottom of the aerial ocean, and the sur- 
face of the seas as the uppermost limit of 
the watery one. 


CURRENT TOPICS. 


Mrs. F. R. Honey. 


HE WARIN INDIA.—Another war in 
India! Itis barely three years since 
the last one was fought. Why does 

the world so frequently hear of war in 
India? Why are the British there at all? 
Why should that small island, Great 
Britain, continually obtrude itself. on the 
public eye, and be involved in disturbances 
far from her own shores? Such questions 
are often asked, and the incidents of the 
present time suggest an answer. 

The island of Great Britain is not the 
British empire. The British empire includes 
Great, Britain, her family, the colonies, and 
her great. dependency, India, to whom she 
is, on the whole, a kind and careful step- 
mother. And in such a large family, so 
widely scattered, with such diverse interests 
to develop and protect, occasional disturb- 
ances must inevitably take place, unless, 
indeed, the empire becomes a Utopia, and 
guardian angels descend to be her governors ! 


. And why are the British in India? Amer- 

icans, with British blood in their veins, 
with British traditions behind them, and 
history which bids fair to rival that of 
Britain before them, recognize the irrepress- 
ible power of expansion that belongs to 
nations of the Anglo-Saxon race, so that 
wherever on the face of this earth they gain 
a foothold there they stay and take posses- 
sion, whether they are Americans subdu- 
ing and exterminating tribes of Indians, 
or British establishing their rule over 
millions of East Indians. That is why the 
British are in India. And if they were not 
there what would have happened? It is 
incredible that. in these days a fertile and 
accessible, but ill-governed, country would 
have been left to itself, torn by internecine 
wars, ignorant of the arts by which com- 
merce may be developed and its products 
made to cantet bute: to the wealth of the 
world. : 1 
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There was a time when France, Holland, 
and Portugal were England’s rivals in India. 
Would the world have been any better off if 
either of those nations had won the prize? 

For good or for ill, however, the British 
are in India; and before the causes and 
incidents of the present frontier war are 
considered, it will be interesting to glance at 
the history of the conquest and occupation 
of this Asiatic peninsula. 

Not long after Columbus had sailed west- 
ward and discovered America, a Portuguese 
navigator, Vasco da Gama, sailed eastward 
and discovered the water-route from Europe 
to India, round the south of Africa. Before 
his time India could only be reached by a 
long, dangerous, and difficult land journey. 
The mountains which divide her from the 
rest of Asia are quite impassable, except at 
a very few points on the northwestern 
frontier ; and through these passes, between 
the territories now known as Afghanistan 
on the one side, and the Punjab on the 
other, have poured the armies which in past 
ages have entered India, and there acquired 
dominion for their masters. Many such 
invasions have taken place ; for India, from 
the earliest times down to the days of the 
Nabobs, who made their fortunes there a 
few generations ago, has been regarded as a 
mine of wealth. 

The sixteenth century was a great period 
of maritime adventure, and when once 
Vasco da Gama had shown the way, the 
ships of Europe became familiar objects on 
the shores of India. England, France, Hol- 
land, and Portugal made settlements on the 
coasts, and carried on trade with the natural 
and manufactured products of the country. 
None went there with the desire or inten- 
tion of conquest: The first ships carried no 
soldiers, but merchants, who had arms suffi- 
cient only to defend themselves and their 
goods, and who expected and desired to sus- 
tain friendly relations with the native races. 
The East India Company of England, which 
was eventually to obtain control of the 
country, was formed in 1599 by a few 
London merchants who. objected to the 
high price which Dutch traders put on 
Indian pepper, a point about which they 
certainly did not intend to fight! 

If only one nation had settled in India 
her destiny might have been very different. 
But during the eighteenth century England 
and France, who kept well abreast in the 
race for commercial power in’ Asia, were 
frequently at war, and part of their quarrel 
was fought out in India, with the aid of 


native troops on both sides. For India is 
not a single country, inhabited by one race, 
and speaking one language. It is, like 
Europe, a vast territory, divided among 
many governments, with a variety of peoples 
and of tongues. It was easy for England 
and for France to secure allies from tribes 
which were themselves at enmity, and had 
feuds of their own to settle. The fortune of 
war, the political conditions at home, and 
the superior military skill of the English 
leaders at a critical juncture, combined to 
decide the contest for supremacy in Eng- 
land’s favor. The East India Company, 
with the protection of trade and commerce 
as its main object, continued to make trea- 
ties with friendly tribes, and to fight those 
who were unfriendly—always with the aid 
of native troops—until large sections of the 
country were under its control. 

As long as anything has been known in 
detail of the history of India, she .has been 
the prey of invading races. The Marathas, 
who had gained the upper hand in the 
eighteenth century, were cruel and tyran- 
nical; robbery and violence prevailed and 
were unpunished, and organized resistance 
on the part of those whom they oppressed 
seemed impossible. This state of things 
could not continue in the presence of a 
powerful European race whose commerce 
was liable to injury and even to ruin from 
these internal troubles, and who had learned 
by experience that native troops would fight 
faithfully under foreign commanders when 
well paid and well led; and after many 
years of alternate peace and conflict, the 
East India Company found itself the ruler 
of the greater part of the country. 

It should always be remembered that this 
conquest was not made by England as a 
nation ; but that a trading company, begin- 
ning business in a very small way, by 
degrees acquired this rich prize, and handed 
it over to the mother country only when its 
government became too great a matter for 
private management. Great Britain, asmall 
island in the North Atlantic, could never 
have dreamed of conquering India, a vast 
territory many thousand miles away, had 
she been opposed by a united people fighting 
for their fatherland. She has become pos- 
sessed of this great dependency by other 
means than by brute force, and by other 
means she must hold it, if her power is to 
endure. The means by which she proposes 
to hold it are the maintenance of pax 
Britannica, ‘‘ Britain’s peace,’’ so that every 
man’s life and property may be safe; the 
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equal administration of justice, irrespec- 
tive of color or of race; just taxation, 
amounting to less than one-half of that 
which used to be paid to native rulers, and 
of which every rupee is spent on the defence, 
the government, and the development of 
India; the spread of education ; the intro- 
duction of those products of modern civiliza- 
tion, railroads, telegraphs, canals, and good 
roads, which may aid in’ the advancement 
of the country and of the people. She has 
made many mistakes, many failures in judg- 
ment, many blunders; and the agents of 
the East India Company in the early days 
of its power committed some crimes which 
have been much exaggerated, and have 
never been forgotten. But some of the best 
and ablest men of the century have spent 
their lives in India, working with a single 
eye to the good of the country, and endeav- 
oring to promote the happiness and welfare of 
the people among whom their lot was cast. » 
Since 1858 England has had to solve a 
problem such as the history of the world 
has never before presented : the peaceable 
government of two hundred and twenty- 
five millions of people, who, in race, in 
language, in religion, and in customs, differ 
not only from their rulers, but from one 
another. She has pledged herself not to 
interfere with any form of religion, except 
when actual crime is involved in its prac- 
tice, such as the burning of widows or the 
murder of infants ; nor with the customs and 
the caste-rules, which sometimes, as in the 
case of the recent plague in western India, 
render the enforcement of sanitary regula- 
tions extremely difficult. About one-third 
of the area of India is still ruled by native 
chiefs, who reign over their subjects almost 
as independent sovereigns, and have rev- 
enues and armies of theirown. They have 
all, by treaty, acknowleded the British gov- 
ernment as the paramount power, and have 
agreed not to make war upon each other, or 
to form alliances with foreign countries. At 
each native court there is a British resi- 
dent, who, in cases of gross cruelty or mis- 
rule, interferes for the protection of the 
weak and for the maintenance of peace. 
The country in which this problem of 
government is to be dealt with is one which, 
by its geographical position, is liable to an 
irregular rainfall, producing uncertain har- 
vests, so that occasional famines in some 
districts are regarded as inevitable. The 
greater peace and security of the country 
under British rule have caused the popu- 
lation to increase with rapidity, and thus 


the distress arising from plague and famine 
is great in proportion to the large number 
of people affected by these calamities. 

It may cause surprise that the Hindus 
submit thus quietly to be governed by an — 
alien race, but it should be remembered that 
the mass of the people has for many gener- 
ations been subject to foreign dominion. 
The sentiment of national independence 
may, therefore, be said scarcely to exist 
among them. So long as their persons 
and their property are protected, and their 
religion and their customs are respected, 
they care little who administers the law 
under which they live. The population 
includes about sixty millions of Moham- 
medans, of whom a part are descended from 
the races that were in power before the 
English were established in India, and were 
dispossessed by them. These still retain 
the memory of their predominance, and are 
of a more vigorous and combative character 
than the Hindus. They are less submissive 
to the restrictions of the British government, 
and if serious trouble should arise it will 
probably be caused by this section of the 
population, rather than by the native races, 
among whom, however, there are a large — 
number of Mohammedans. 

During the last half-century there has 
been but one outbreak in the country itself, 
the mutiny of 1857 ; and terrible as that was, 
it was confined to one part of India, and 
mainly to one class of the inhabitants. The 
other Indian wars that have occurred have 
been with frontier races, who endangered 
the peace of the country either by quarrels 
among themselves or by attacks on the 
borders of the British dominions. Sucha 
frontier war is the one now in progress in 
the mountainous region which divides 
British India from Afghanistan, and from 
the part of Asia which is recognized as being 
within thesphere of Russian influence. This 
war will be the subject of next month’s 
paper. It is more than a mere conflict 
between semicivilized tribes, who are 
entrenched in astrong natural position, and 
a foreign race which is as certain of eventual 
success as is the army of the United States 
when war is carried on against the Indians in 
this country. Its real importance lies in the 
fact that it is a struggle on the border-line 
between the two great European powers, 
Great Britain and Russia, who are now pre- 
dominant in Asia, and whose relations to 
one another in that part of the world will 
probably be one of the main features of the 
history of the twentieth century. 


THE COOKING OF WHOLESOME MEALS. 


Mrs. Henry Esmond. 


An INEXPENSIVE But Tasty SuppErR—UskEruL Hints ON PREPARING CREAMED POTATOES, 
Bakep APPLES AND JELLY Rorz1—A Goon Cup oF Cocoa. 


HAT shall we have for supper? Many 

a good housewife knits her brows and 

looks uncommonly serious, trying to 

decide. She knows that after a hard day’s 

work a man is none too easy to please. 

Breakfast never worries her, dinner seldom, 

but with supper it is different. Let us see 

what can be done with the cold roast beef 

left over from dinner, helped out with sun- 
dries. 

BILL OF FARE FOR SUPPER. 
Roast Beef Cooked with Gravy. 
Creamed Potatoes. 


Biscuits. 
Baked Apples. 


Cocoa. 
Jelly Roll. 


Roast Beef with Gravy.—Cut in small pieces 
cold roast beef, removing the fat and any 
stringy portions. Put the meat into a frying- 
pan (if there is any of the thick gravy put 
it in with the meat), add 1 cup of cold 
water, cover and let it stew for 10 minutes, 
or until the water is colored with the meat 
juice. Now add 2 rounded tablespoonfuls 
of flour moistened with 4 tablespoonfuls of 
cold water; stir well to prevent lumping. 
Add a dash of pepper and } teaspoonful of 
salt. Pour it over small squares of toast 
which have been moistened with hot water 
and buttered. Roast lamb may be prepared 
in the same way. One teaspoonful of Wor- 
cestershire sauce or2 tablespoonfuls of tomato 
catsup heighten the flavor. This, if desired, 
can be prepared in the chafing-dish. 

Creamed Potatoes.—As the boiling of pota- 
toes has been explained before, it is not 
necessary to repeat. Cut 6 medium-sized, 
cold, boiled potatoes into cubes 4 inch square. 
Put 1 tablespoonful of butter into a sauce- 
pan and, when it is melted, add 2 table- 
spoonfuls of flour; mix well, then add, 
slowly, 14 cups of cold milk. The milk 
should be added a very little at a time, and 
if it lumps, the pan should be removed from 
the fire and the contents beaten vigorously. 
This should be repeated each time the milk 
is added. When all the milk is in, add 4 
teaspoonful of salt and the potatoes ; cook 
for five minutes. Chopped parsley is a very 
good addition. 


Cocoa.—To 3 cups of milk add 1 of 
water. Let it heat, but not boil. To each 
eup of liquid use 1 good teaspoonful of 
cocoa. Mix it toa smooth paste with boil- 
ing water. Then add a little of the hot 
milk. When all the lumps are gone, pour 
it into the remainder of the milk. Add to 
this 1 tablespoonful of sugar to each cup of 
milk. Let it just come to the boiling-point ; 
move the saucepan to the back of the stove 
and beat the cocoa with the egg-beater. 
Let it remain on the fire for 10 minutes. 
Be careful to keep the saucepan covered, 
otherwise a thick, tough skin will form 
on the top of the cocoa. The addition of 
+ teaspoonful of vanilla is a great improve- 
ment. 

Biscuits.—To a quart of sifted flour add 1 
level teaspoonful of salt and 2 teaspoonfuls 
of baking powder. Sift into a bowl and add 
2 tablespoonfuls of shortening, 1 of lard, 
and 1 of butter. Rub in quickly with the 
tips of the fingers. When the shortening is 
all mixed in, moisten with 13 cups of sweet 
milk. More milk may be needed, as the 
dough should be as soft as possible; the 
softer the dough, the lighter the biscuits. 
Turn out onto a well-floured board and pat 
out lightly with the rolling pin. Cut witha 
small cutter or an ordinary glass, which has 
first been dipped in flour. Place close 
together in a pan and bake in a hot oven 12 
or 15 minutes. 

Baked Apples.—Core and pare 6 good-sized 
apples ; put them in a pie-pan ora round 
cake-pan. Put a small piece of butter into 
the hole in the center of each apple; then 
fill it up with granulated sugar. Pour 3 
cup of boiling water into the pan and bake 
in a hot oven 25 or 30 minutes. When 
done, leave in the pan until they are nearly 
cold, as the apples do not break so easily 
when cool as when they have just come 
from the oven. 

Jelly Roll.—Beat together 1 cup of granu- 
lated sugar and the yolks of 3 eggs, and 2 
tablespoonfuls of milk. Sift into this 1 cup 
of flour, to which has been added 1 teaspoon- 
ful of baking powder. Mix the flour in 
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lightly, then add the whites of the eggs 
(which have been beaten stiff), and 1 tea- 
spoonful of vanilla. Bake in an oblong pan 
in a moderately hot oven. Do not let it get 
too brown. Ringa cloth out of cold water 
and spread it on the pastry-board. When 
the cake is done, turn it out onto this cloth. 
With a sharp knife, that has been dipped 
into hot water until thoroughly heated, 


reason for using the wet cloth is that 
it keeps the cake moist and makes it 
easier to roll. Whenever hot cake or bread 
is to be cut, use a hot knife, as this keeps the 
bread from becoming soggy. Spread the 
cake (one slice at a time) with sour jelly, 
either currant or grape. Roll up the 
cake and tie loosely with string, otherwise 
it will unroll; wrap it up in the damp 


cut the cake into three slices. The towel. This keeps it moist. 
NOTICES. 
IMPO RTANT. * Books referred to promptly supplied on 


HE following information is for the 
benefit of those who send questions to 
the Answers to Inquiries Department : 

* All letters containing questions should be 
addressed to the Editor of ‘‘ Homer Srupy 
MAGAZINE,’’ Scranton, Pa. ; and this address 
should appear not only on the envelope but 
also at the head of the letter itself. 

* Under no conditions will questions be 
answered by mail. 

* If a stamp is enclosed, we will acknowl- 
edge the receipt of the inquiry and inform 
our correspondent in what number the 
answer may be expected to appear. 

* Questions that are for any reason unsuit- 
able for the Answers to Inquiries columns 
will be promptly returned to the sender. - 

* Write on one side of the paper only and 
make drawings for illustrations on separate 
paper. Take pains to make your drawings 
and sketches as clear as possible. 

* For our information, and not for publica- 
tion, namies and addresses must accompany 
letters or no attention will be paid to them. 
The full name will not be published under 
the question asked, but only the initials of 
the writer’s name and the name of the town 
or city from which the letter is received. 
If the party asking a question does not wish 
his initials to appear, he should 54s us know 
what letters to use. 

* References to former answers ee give 
date of paper and number of question. 

* Letters sent to correspondents, under 
cover to the Editor, will not be forwarded, 
and the names of correspondents will not 
be given to inquirers. 

* Buyers wishing to purchase any book or 
other article not advertised in our columns 
will be furnished with addresses of houses 
carrying the same. 


receipt of price. 
* Minerals sent for examination should be 
distinctly marked or labeled. 


A NEW BOOK. 


OW To Burtp A Home—Tue HovseE Prac- 
TICAL. By Francis C. Moore. 12mo, 
decorated board cover. Published by 

Doubleday & McClure Co., New York, 1897. 
Price $1. 

In his preface to this book, Mr. Moore 
informs us that, as an amateur, he made a 
study. of construction for a quarter of a cen- 
tury, and that when he finally came to build 
a house for himself he submitted his plans 
to architects, carpenters, masons, and other 
practical men with whom he enjoyed 
acquaintance, the result being that he is 
now able to say, after living in the house, 
that, if he ever has to build again, he will 
use the same plans. — 

In this book we are told in a very agree- 
able and instructive manner how the House 
Practical—that is, the durable, healthful, 
comfortable, convenient, and approximately 
fire-proof house—may become also the 
House Beautiful. 

A practical example 1 is given, in which are 
complete plans in detail of a spacious and 
convenient summer cottage which can be 
built for a comparatively small sum. 


ERRATUM. 


January Number.—Article, ‘‘ Napier,’’ the 
word exponents in the second line should be 
logarithms ; the first paragraph then reads: 

‘‘The following laws, which govern all 
operations with logarithms, are easily 
deduced from the laws of exponents.”’ 


(1) Can you tell me whether lard-oil that has been 
used can be cleaned and used again? Can you 
explain the process? G. R., Rockford, Il. 


ANS.—Filters are in use for cleaning and rendering 
fit for further use such oils as rape, cottonseed, and 
mineral oils after being used in steam-engines and 
machinery ; we are not informed as to whether the 
same treatment is suitable for lard-oil. 

x 


(2) (a) I have a duplex compound-condensing 


pump with steam-cylinders 14 inches and 26 inches | 


and water-cylinders 13 inches in diameter, all with a 
stroke of 18 inches. The pump works against an aver- 
age water-pressure of 60 pounds per square inch, with 
an average suction of 3 feet. Thesteam-pressure at 
the pump is 25 pounds, at the boiler 80 pounds. 
What will be the Roreenearee when the pump makes, 
respectively, 10, 20, and 40 revolutions per minute? 
(6) With a water-pressure of 100 pounds there isa 
pressure of 60 pounds in the steam-chest. What is 
the horsepower for these pressures ? 
A. W. W., Sterling, Ill. 

ANS.—(a) Computing the horsepower from the 
pressure against which the pump works, and allow- 
ing 20 per cent. of the total power for frictional 
losses, the pump requires 18 horsepower to drive it at 
10 revolutions per minute, 36 horsepower at 20 revo- 
lutions, and 72 horsepower at 40 revolutions. (6) 
Computing the power in the same way as before, the 
horsepowers will be: for 10 revolutions 30 horse- 
power, for 20 revolutions 60 horsepower, and for 40 
revolutions 120 horsepower. 


* * 
(3) What causes butter to stick to some parts of 
the sides and flail of an oak churn? 
C. K. 8., Wayland, Iowa. 


ANs.—This question does not belong to any branch 
of engineering. It is rather one that the experienced 
dairyman should answer for himself. The conditions 
of the weather and the temperature of the cream no 
doubt have something to do with it, and so, probably, 
has the nature and grain of the wood of which the 
churn is made, but it is impossible for us to give any 
specific reason. 

x % 

(4) (a) How can the weight of smoke be ascer- 
tained? (b) Is it correct to say that the inertia of a 
locomotive is greater, the higher the boiler is raised 
from the ground, that is, the larger the wheels are 
upon which it runs? J. B., Fredericksburg, Va. 

ANS.—(a) Takea flask of known zapacity, exhaust 
the air from it and then weigh it. Next fill the flask 
with the smoke to be tested and weigh it again. The 
difference in the two readings will be the weight of 
the smoke. (b) The inertia of a body, in the general 
acceptation of the term, depends only on its mass or, 
popularly speaking, its weight. Raising the boiler 
of a locomotive does not increase the inertia of the 
latter. The higher the center of gravity of a body is 
lifted above the ground, the more effect a given force 
will have in tending to overturn it, but this is not 
due to increased inertia. As you seem to imply, the 
size of driving-wheel is one of the determining fac- 
tors in the height of a boiler. : 


5) We have to erect atrestle from atipple toa 
drift-mouth, a distance of 225 feet. The load this 
trestle will have to sustain consists of a 15-ton motor, 
20 loaded cars, 4,500 pounds each, and 20 empty cars, 
1,500 pounds each—total, 75 tons. The bents will be 
28 feet high for 140 feet from the tipple, and from here 
the ground gradually. rises to the drift. The trestle 
will be 14 feet wide for a distance of 150 feet from the 
tipple and 9 feet wide for the remaining 75 feet. The 
timber to be used is well-seasoned white oak. Please 
answer the following questions. (a) How far apart 
should the bents be placed? | (6) What should be the 
sizes of the timbers used in this trestle? (c) Is there 
any rule for calculating the lengths of sill and ca 
for a given heighf of trestle? If so, please give suc 
rule. (d) What is the best timber to use in sucha 
structure? E. S., Sherodsville, Ohio. 

Ans,—(a) It is customary in designing such a 
trestle to place the bents 12, 14, or 16 feet apart, 
center to center, according to the surface conditions 
and the length of timber that can be most readily 


obtained. (b) In the designing of trestles, the load, 
. 14407 the width of the 
Swe | ms " trestle-floor, and 
57310 Flooring | its height above 
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the ground are all 
the factorsthe 
engineer works 
from. The usual] 
batter given to the 
outer legs is 13 
inches per foot of 
vertical height. 
The legs are boxed 
or gained 34 inch 
into the cap. and 
sill, besides being 
mortised and 
pinned at each - 
end. The_ bents 
are sway-braced as 
shown in the ac- 
companying illus- 
tration. Longi- 
tudinal bracing is also used to tie the bents together. 
We have marked upon the sketch the proper sizes of 
all the bent timbers, in the case cited; also the sizes 
of stringers for a span of 16 feet, center to center. 
The stringers should be so laid as to be under the 
rails, butting against each other, end to end, and tied 
together by splice pieces. (c) There is no fixed rule 
for calculating the lengths of caps and sills, but it 
is usual to make the length of the cap equal to the 
width of the platform; then add to the length of the 
cap + of the vertical height between the cap and sill, 
for the length of the sill. (d) Itis best in this case 
to use oak for the flooring and stringers, and white 
pine for the remainder. 


* 
* * 
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(6) In order to fill a locomotive-boiler prepara- 
tory to firing up, we placed another locomotive 
with a full tank of water anda full head of steam 
(140 pounds) on an adjacent track. This locomotive 
was equipped with a No. 10 Nathan Monitor injector, 


Notr.—For conditions to be observed by subscribers wishing to have questions answered in this depart- 


ment, see notice on opposite page. 
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the branch-pipe of which we connected to the ‘‘dead’’ 
engine, the Seeraite on which was set to blow off 
at 190 pounds. When the boiler of the ‘dead”’ 
engine was partly filled, this pop-valve blew off and 
the steam gauge registered 190 pounds. Please 
explain how itis that with but 140 pounds pressure 
supplied to the injector, a pressure of 190 pounds can 
be produced. M. A. K., Mauch Chunk, Pa. 


ANS.—As the empty boiler was filled, the air in it. 


was compressed until the pressure reached the blow- 
ing-off point, 190 pounds per square inch. To reach 
this pressure, the air must have been compressed to 
75 of its original volume, that is, the boiler must have 
been 342 full of water. There should be no trouble in 
forcing water into a boiler against a pressure of 190 
pounds if the steam-pressure is 140 pounds. The 
ordinary exhaust-steam injector is fed with steam at 
about 17 pounds pressure and can force water into a 
boiler against 80 pounds pressure. The work 
required to force the water against the excess of the 
pressure is supplied by the heat of the entering 
steam, and is in any case only a smal] fraction of the 
total heat that might be supplied by the steam. 
. * ¢ 
x * 

(7) I have a 2-horsepower gasoline-engine and 
would like to know if you will furnish me with plans 
and description of a suitable carbureter for use with 
same. 8S. G. M., Montclair, Col. 

ANS.—A carbureter, or mixing valve, is illustrated 
and described in the article ‘‘Gas-Engines’’ in this 
month’s (February) issue of HOME STUDY MAGAZINE. 
As this isa patented device, you will have to obtain 
permission for its use of the manufacturers, The Sintz 
Gas-Engine Company, Grand Rapids, Mich. 

x % 

(8) In an ordinary gas-engine: (a) What is the 
pressure at the time Balin o al (6) What is the 
pressure when the piston has reached the end of its 
stroke just before grote begins? (c) Do the gases 
developed by the explosion expand as readily as 
steam? (d) What is the pressure on the compressed 
gas eee before explosion? (¢) Is there any metal 
or alloy that will not scale or burn, in consequence 
of the intense heat developed in a gas-engine ? 

R. W. E., Alvarado, Cal. 


ANS. —(a, b, and d) In the accompanying figure, 
which is an average gas-engine card, a is the pressure 
of explosion, b that just before exhaust, and d the 
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pressure after compression. (c) Yes. «(e) We know 
of no such metal. Gas-engine cylinders are usually 
surrounded by a water-jacket to prevent overheating. 
In HOME StupDY MAGAZINE there is now appearing a 
series of articles on gas-engines. This series com- 
menced in the December number, 1897. 

x % 

9) (a) I am anxious to construct a furnace 
from which, by the combustion of Connellsville coke, 
a full equivalent of carbon dioxide gas can be 
obtained; can you tell me of any text-book or 
authorities on the subject? (b) If I take an ordi- 
nary heating stove, is it necessary to admit air over 
the burning coke, or will sufficient oxygen be 


admitted if the draft underneath the grate is open? 
{¢) How can I be sure that enough oxygen is being 
urnished to make carbon os eee instead of carbon 
monoxide? (d) How can I adequately purify the 
gas? (e) What pumping force is necessary to 
remove gas to areceiver as fast asit is generated, 
aemng 100 pounds of coke as a charge? 
E. H. A., Mount Vernon, N. Y. 


Ans.—(a) ‘* Fuel, Its Combustion and Economy,”’ 
by D. K. Clark, will give you a great deal of informa- 
tion on this subject. (b) Ifthe bed of fuelon the 
grate is not too thick it will not be necessary to admit 
air over the burning coke. (c) It will be necessary 
to have the gases analyzed. (d) The dust and some 
of the sulphur can be removed from the gas by wash- 
ing. It will be impossible to separate the carbon 
dioxide from the nitrogen and other gaseous prod- 
ucts of combustion by any simple process. (e) This 
question is too indefinite for us to give a complete 
answer. The pumping force will depend on the rate 
at which the gas is produced and the pressure in the 
receiver. 
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(10) (a) What will be the effect on boiler-sheets 
and tubes if the feed-water is strained through 
bituminous coal? (6) Willsteam-pipes give out any 
more heat if the pressure of the steam in them is 
increased ? ., Williamstown, Mass. 

ANS.—(@) Most bituminous coal contains sulphur, 
which would be absorbed by the feed-water and 
corrode the sheets and tubes. (b) Yes. The tem- 
perature of the steam in the pipes increases with the 
increase in pressure, and the amount of heat given off 
by a hot body increases with an increase of tempera- 
ture. 

* 
. * % 

(11) The article in HOME StTuDY MAGAZINE 
entitled ‘‘Wonders of Pressure, Heat, and Cold’’ is 
of great interest to me, and must be of value to many. 
There are some points I do not understand and would 
be glad if you will explain them. You say thata 
column of air reaching 5 miles below the level of the 
sea produces, by its own weight, sufficient heat to 
melt steel. In trying to verify this from other infor- 
mation ark give in the article, I cannot get sucha 
heat. Please explain. Ae ., Everitt, Mass. 

ANns.—As the pressure of air, in common with other 
gases, varies directly as the weights of equal vol- 
umes, then, when the density of air becomes such 
that a cubic foot weighs 62.5 pounds instead of .0766 
of a pound at atmospheric pressure, the pressure 
be = = 816, nearly; thatis, it requires 


a pressure of 816 atmospheres to compress air at 
62° F. to a density equal to that of water. As the 
temperature of air increases as its volume reduces, 
the increase of temperature, due to 816 cubic feet of 
air being compressed into the volume of 1 cubic foot, 
can be found, and the following formula can be used 
to determine it. 

Let nm = number of atmospheres ; 

14.7 = atmospheric pressure in pounds per 

square inch; 

and 


T = temperature after compression. 
Then T= ae + 62. 
n 


Applying the formula, therefore, to the case before 


us, we have 
81 * 816 


yy 

V 816 
As the average melting temperature of steel is 
equal to 2,600° F., it follows that 14:93:67 


2.600 = 6.674; 
that is, the temperature due to compression is 6.674 
times greater than that required to melt steel. But, 
as the excessive temperature of compression would 
reduce the density of the air, and as much of this 


-+ 62 = 17,353.67° F. 
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heat would be absorbed by the encasing rocks, it was 
not claimed that more heat would be retained than 
would melt steel. 2 


* * 
(12) Ihave sent you a small forging of which I 
am unable to make a working-drawing. May I ask 


Section on @.a@. 


Development of A from line c.c, 


you to do this for me, and to return the forging to 
my address ? E. M. R., Dayton, Ohio. 

ANS.—The above is a working drawing of the piece 
you sent us, with all necessary dimensions marked 
thereon. 


* * 
S58 Referring to the article ‘‘ The Prony Brake,”’ 
which appeared in HomME StupDy MAGAZINE for July, 
1897, 1 would like to know how much pressure (which 
from your illustration is regulated by thumb-screws, 
and, therefore, cannot be great) should be applied to 
the parts that embrace the pulley also. What would 
be the effect of increasing or decreasing that pres- 
sure? M. E. O’C., Porter’s Mills, Wis. 
ANS.—The pressure applied by means of the thumb- 
screws is regulated by trial, the idea being to keep 
the pressure just sufficient to give the normal load at 
the given speed. Supposing the brake to be applied 
to an engine fly-wheel, if the pressure is increased, 
the load is increased in proportion, and the engine 
will slow down. If the pressure is decreased, the 
effect is to diminish the load on the engine, in which 
case it will run faster unless restrained by the gov- 


ernor. 


* 
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(14) (a) What is the best way to prevent steel 
from rusting? (b) What is the best way to remove 
rust from steel? (c) How can I remove ink stains 
from paper? J. R. B., Fredericksburg, Va. 

Ans.—(a) We do not know the best way. A good 
plan, however, is to apply to thesurface a mixture of 
tallow or lard and thick white-lead paint. (b) To 
remove rust from steel, immerse the article to be 
cleaned for a few minutes in a strong solution of 
cyanide of potassium, say in the proportion of about 
4 ounce in a wine-glassful of water; take out and 
clean with a brush, using a paste composed of cyanide 
of potassium, castile soap, whitening, and water; 
these last are mixed in a paste about the consistency 
of thick cream. (c) Mix oxalic acid and tartaric 
acid in powder. Dissolve a little in water and apply 
to the ink stains. The preparation is poisonous. 

x» 

(15) Our water supply is obtained from four bored 

wells of 8-inch diameter and 50 feetdeep. Each well 
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is supplied with a 15-foot strainer, which lies in a 
gravel stratum. The tops of the wells are plugged 
and the pump with its suction-pipe is on og into 
the well-pipes 12 feet below the top of the wells. The 
water is pumped 7 miles against a head of 300 feet. 
Now, the water contains too much iron, and after 
standing a few hours a red substance settles in it. 
(a) Is it the iron that settles in this 
way? (b) Is it expensive to _ filter 
water, as laundry companies do, by 
pumping it through a cylindrical vessel 
in which are chemicals for purifying it? 
(c) Our pump has a maximum pumping 
capacity of 1,200 barrels per hour; how 
would you advise us to get rid of the 
red substance? Of course we want to 
do it with as little expense as possible. 
(d) What kind of filtering process 
would rid the water of allits impurities? 
J. H. Me., Richmond, Mo. 

ANS.—(a) It is impossible to tell you 
with certainty whether the red sediment 
is iron or not, without testing it. How- 
ever, we believe that the water passes 
through a stratum of ferrous clay and 
carries with it these ferrous impurities 
partly dissolved, which, when the water 
stands for some time, settle down to the 
bottom of the vessel. (b) The expenses 
are slight, after either a large filter is 
purchased or the basin excavated. (c) 
There are two ways to get rid of these 
impurities: (1) Torun it through a filter 
containing charcoal. (2) Tocollect the 
water in a large basin, similar to those 
used for purifying the water supply of cities, that is, 
in an excavation in the ground with a bed of gravel 
about 2 or 3 feet deep. The exit of the water must be 
so arranged that the water always retains a certain 
level. (d) There is no filtration process to remove 
all impurities of water; to obtain chemically pure 
water it has to undergo distillation. Filtration 
through charcoal, however, is, for general purposes, 


quite sufficient. 
* 
x % 


(16) (a) What is the cause of the most disastrous 
boiler explosions? (6) How much water will one 
pound of good coal evaporate in a correctly designed 
and skilfully fired boiler? L. A. D., Brighton, Ill. 


ANS.—(a) Boiler explosions are caused by over- 
pressure of steam. Either the boiler is too weak to 
stand the ordinary working-pressure, or the pressure 
rises to a dangerous point on account of a defective 
or inoperative safety-valve. The most disastrous 
explosions occur when a new and strong boiler is 
ruptured by a pressure far above the working-pres- 
sure, and when the boiler contains a large body of 
water. A boiler which contains a small quantity of 
water rarely produces a very disastrous explosion. 
(b) From 94 to 11 pounds from and at 212°. 

x % 

(17) Which is the more economical for feeding a 
boiler—the steam-pump or the injector? 

L. R. B. R., East Plymouth, Ohio. 

ANS.—The injector is always more economical as a 
boiler-feeder than the steam-pump. Sometimes, for 
practical reasons or as a matter of convenience, it is 
advisable to use a pump for feeding a battery of 
boilers, the question of economy being a secondary 
consideration. 

x % 

(18) (a) Is a boiler strained as much by a cold- 
water pressure of 150 pounds per square inch as by a 
steam-pressure of the same amount? (b) How can 
I calculate the stresses under the two conditions? 

A. P. A., Fairmont, Minn. 

ANns.—(a) The cold-water pressure strains the 
boiler as much as the steam-pressure. However, the 
worst stresses to which the boiler is subjected are 
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due to unequal expansion and contraction, and 
these stresses are not set up when the boiler is sub- 
jected to water-pressure. Consequently, the fact 
that a boiler safely withstands a water-pressure of 
150 pounds per square inch. does not necessarily 
prove that it will safely withstand an 
equal steam-pressure. (b) The stress in 
the shell-plate of a cylindrical boiler is 


given by the formula, S= Ds 


where p=pressure; 

d = diameter of shell; 

t = the thickness of plate, 
all dimensions being in inches. 

For example, if the pressure is 150 
pounds per square inch, the diameter, 
60 inches, and the thickness, 2 inch, the 
150 < 50 


stress in th ] is — o- aek , 
e plate is 2x2 10,0C0 


pounds per square inch. 

. x 

x *% 

_ (19) I wish to fit a circular door 1} 
_ inches thick into a hole in the casting 
shown. How can I make a lay-out of the hole in 
the casting so that a circular door will fit it 
accurately ? L. P. M., Philadelphia, Pa. 

ANS.—Your inquiry is rather vague, as it leaves us 
in doubt as to whether you have made the door and 
wish to cut a hole in the cast-iron dome to fit it, or 
vice versa. We presume, however, that the hole was 
cast in the dome, and that you wish to make a 
cast-iron door to fit it. If this is so, make 
a full-size drawing like the accompanying figure, 
and measure all dimensions and angles from it, 
not forgetting to allow for shrinkage when making 


the pattern. In order that the door shall fit the hole 
accurately, the hole must be machine-finished and 
the door turned up on the edge. We have supposed 
that the dome is a half sphere. 
x» 
(20) In theenclosed sketch, A B= 800, A C= 600, 


and B C=: 400. How can PA be found? 
A. W. B., Miles Grove, Pa. 


Ans.—If A, X, and B, Fig. 1, are three collinear 
points, and Q any fourth point, we have the follow- 
ing fundamental and very important trigonometrical 
relations: 

XBecot A~AXcot B=+ABcotn. (1) 
A Becotl— A Xcotm=—A Beotn. (2) 


For, 
FEE SB gentrchice ene AXsinA _ AX 
- ginm ~ sin(n—A) sin n cot A—cosn 
And ; 
| i senate sinB XBsinB XB 


sind  sin(n+B) sin n cot B+ cosn 


Therefore, 
a Od 
sin n cot A—cosn_ sinn cot B+ cos n 
Hence, formula (1) is obtained by an easy transfor- 
mation. Again: 


9 


¥ HOME STUDY. 


q 
Fig. 1. “Fre. 2, 
Q xa XB sinB_ XB sin (n +1) an 
sin / sin / 


X B(sinn cot! + cos n), 
AXsinA AX sin (n—™m) 
Q X= FF 
sin m sin m 
A X(sinn cot m— COs 7). 
Equating these values of Q X and transposing, we get 
formula (2). Apply formula (1) tothe triangle A BC, 
and formula (2) to the triangle 4 BP in Fig. 2. 
Then, by addition, 
X B(cot A + cot!) = A X(cot B + cot m), 


and,. 


axicl AX+XB=AB. 

se: A B(cot A + cot/) ig 
Whence, AX= cot A+ cot B+ cot 1+ cot m’ 
ae A B(cot B + cot m) 


~ cos A + cot B+ cot 7+ cot m 
Substituting in (1), weget, - 
si Bi cot A cot m— cot B cotl 


cot A+ecot B+cotl+cot m 
Therefore, 


sin n = 


cot A + cot B + cot! + cotm 


(cot A + cot B + cotl + cot m)? 
+ (eot A cot m —cot B cot /)? 
From the triangle A X P we have, 


4 Pin AX sin _ 
sin m 
A B(cot A + cot!) 


sin m. |(cot 4 + cot B + cot/ + cotm)? 
+ (cot A cot m — cot Bcot/)? 


which gives A P= 910.28. 


* 
9° I 


(21) How can I make application for a patent 
direct to the patent office without employing a patent 
attorney ? J.8. MecC., Vincennes, Ind. 


ANs.—Write to the Commissioner of Patents, Wash- 
ington, D. C., forthe necessary instructions for making 
an application for a patent. These instructions will 
be sent free of charge. Read the instructions care- 
fully and follow them to the letter. 


* 

x % 
(22) I am thinking of building a flat-bottomed 
boat large enough to carry 1,000 pounds of oil to be 


used on the Yukon River in Alaska. (a) What would 
be the approximate horsepower of a steam-engine for | 
such a boat? (b) What size boiler would you advise 
me to use? W. R. M., Nantucket, Mass. 

Ans.—(a) A 10-horsepower engine will probably 
give good results. (0) A boiler that will furnish 
enough steam to run the 10-horsepower engine. Its 
size will depend on its type, the type of engine you 
use, and the kind of fuel. 
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23) One of my customers has 13 flat steam- 
coils; 8 of these consist of 25 one-inch pipes 12 feet 
long connected by close return bends, and the other 
5 consist of 23 one-inch pipes 6 feet long similarly con- 
nected. They are built one above the other and rest 
upon inclined supports. so that each coil pitches 
toward its discharge. The top coil is fed by steam at 
90 pounds pressure, and each coil discharges into the 
one immediately below it, a continuous run of pipe 
being thus formed. After turning on the steam it 
takes two hours for water to appear at the discharge- 
end of the 3,100 feet of pipe composing the coils. 
There is no discharge of steam, and the flow of water 
is extremely sluggish. (a) Why does it take so long 
for water to appear, and why is not the discharge of 
water immediately followed by an escape of steam at 
considerable pressure? (0b) In such an arrangement 
how can I estimate the loss of pressure due to the 
friction of the steam in the pipes? (c) Is it good 
practice to feed boilers with water from a hot-well 
into which a Knowles jet-condenser discharges? (d) 
Should the water-level in Cahall upright boilers 
fluctuate rapidly, showing a variation of 8 inches in 
the gauge-glasses?) The boilers are at a street-railway 
station. Is it possible that the slight quantity of oil 
in the hot-well is the cause of the fluctuation? 

C. V. C., Boston, Mass. 


(a) There must be an obstruction inthe 
pipes. If they were clear, the steam would blow 
through them very quickly. (b) If we denote the 
absolute pressure of the steam as it enters the pipe 
by p;, the pressure as it leaves the pipe by po, the 
quantity of steam that flows through the pipe in 
cubic feet per minute by Q, the weight of a cubic foot 
of steam at the pressure p,; by w, the length of the 
pipe in feet by Z, and the diameter of the pipe in 
inches by d, the loss of pressure can be found approxi- 
mately by the formula 


ANS. 


Sects i ee 
P2= Pi C25 » 


where c depends on the diameter of the pipeand may 
be given the following values for pipes from 4 inch 
to 6inches in diameter: 

Diam. (inches) 4 1 2 3 4 5 6 
Values of ¢ 36.8 45.3 52.7 56.1 57.8 58.4 59.5 

The extra loss due to the effect of bends may be 
included in the above formula by considering each 
right-angled bend as increasing the length of the pipe 
an amount equal to 40 times its diameter. (c) Yes. 
If the hot-well is large and the feed is taken from a 
point some distance below the surface of the waterin 
the well, there should be no trouble from the little 
oil that enters the boilers. (d) It is possible that the 
fluctuation is due to priming caused by the action of 
the cylinder-oil; it is more probable, however, that 
the trouble is caused by.the sudden..changes in the 
demand for steam, due to sudden changes in the load 
on theengines. When the load is suddenly increased 
and more steam is used, the pressure in the boiler is 
reduced and steam is formed rapidly in the tubes. 
This steam in rising through the tubes lifts the water 
with it and causes the fluctuation in water-level at 
the gauge-glass. 

x % 

(21) (a) Will you inform me if the enclosed 
diagram shows the correct way of connecting up 3- 
candle-power lamps? (b) How can I make a blue 
vitriol battery? (c) Which is the positive and which 
is the negative wire or brush on a dynamo? (d) 
Which is the positive and which is the negative ter- 
minal of a cell? (e€) How many volts does it take to 
make a horsepower? (f/f) What kind of a fuse cut- 
out shall I use to protect a 3-candle-power lamp, and 
(g) where shall I put themin the circuit? (h) Where 
can Igetthem? (7) Whichis the north and which 
is the south pole of a battery? 

T. W. C., Newmarket, N. H. 

Ans.—(a) Your diagrams are correct. The number 
of cells will depend upon the voltage of the lamps 
you use and the number of volts each cell can 


furnish. A gravity-cell gives a little over one volt. 
(b) The elements of a blue vitriol or gravity-battery 
are copper and zinc, respectively, and are generally 
made as shown in the illustration. The copper ele- 
ment is at the bottom of the cell and is of sucha 
form as to present a large surface. An insulated 
wire is connected to the copper and is brought to the 
top as the positive terminal of the battery. A zine 
easting, or crowfoot, 
is hung on the rim of 
the jar, and is the 
negative element. 
To prepare the solu- 
tion, pour in clean 
soft water till the 
zine, or upper ele- 
ment, is covered, 
then dropin 82 
ounces of blue vit- 
riol, in small pieces. 
The action of the 
battery may be 
hastened by dissolv- 
ing 2 or 3 ounces of 
white vitriol in the 
saine weight of water. and carefully pouring it on top 
of the copper solution. The cell should be short- 
circuited a few hours before being used. (c) The 
positive (+) brush is that one from which the 
current is supposed to flow from the dynamo 
to the outside circuit, and the negative (—) brush 
is the one which is supposed to receive the 
returning current. Either can be determined by 
tracing to the voltmeter, by pole-finding paper, or by 
a magnet-needle. (d) The polarities of the elements 
of a cell have the same properties as the brushes of a 
dynamo and can be similarly determined. In a 
gravity-cell the copper is positive (+) and the zinc is 
negative (—). (e) The volt is not a measure of power, 
but of pressure. There can be no horsepower in. a 
quantity of water unless the wateris flowing. There 
can be no power in an electric conductor unless the 
current is flowing. The rate of flow of the electric 
current is measured in amperes. Ampere X volt = 
1 watt = aj horsepower. (f, 9, h) Cut-out No. 8,300, 


General Electric Co. Use }-ampere fuse. It can be 
inserted near the battery. (7) North and south pole 
refer to magnetic properties. 


* 
* * 


(25) How should gravity-cells be connected. for 
charging storage-cells? How many gravity-cells 
(plates 6’’x 8’’) are required to charge four 100-ampere- 
hour storage-cells? E. Y. W., Bloomington, III. 

Ans.—You will find this a very expensive opera- 
tion. We can hardly see the advantage of using 
secondary batteries in conjunction with primary, 
as the current can be obtained directly from the 
primary—not to mention the inefficiency of the 
method—uunless you wish to use the battery for porta- 
ble services. To charge the four 100-ampere-hour 
cells would require 120 gravity-cells. They should be 
so connected up that there will be 12 rows and 10 
cells in series in each row. These will be practically 
exhausted after one charging of the four storage- 
cells. The same number of Edison-Lalande cells 
would furnish nine or ten charges. 


Zine 
Sulphate 


a3 | 
Sy 
Ball 


* 
% % 

(26) (a) Why are fuse-wires numbered so much 
lower than the actual number of amperes of current 
necessary to blow them? For example, a fuse-wire 
that will blow at 24 amperes is styled an 8-ampere 
fuse by the manufacturers. (b) Whatis the best way 
to re-fuse a transformer on a live circuit? (c) Inthe 
circular type of rheostat, at which contact is the 
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greatest resistance, or must that be found out by 
experiment? (d) For how long a time would an 


alternating-current dynamo coutinue to generate ~ 


electricity if the separate excitation were suddenly 
removed? (e) Of what substance is the resistance 
composed that is used in connection with the control- 
ling magnets of the Thompson-Houston are-machine? 
(f) What type of lightning-arresters are generally 
used on incandescent circuits ? A SUBSCRIBER. 


ANS.—(a) The ordinary carrying capacity of a fuse- 
_wire is commonly understood to be somewhat above 
the capacity marked. A fuse-wire must be heated 
up in order to melt. Consequently, it may carry 
two or three times its ordinary capacity for a few 
seconds before it is heated sufficiently to fuse it. 
An 8-ampere fuse should safely carry 9 or 10 
amperes for any length of time without blowing. 
The exact behavior of a given fuse depends on many 
things, such as the condition of terminals, distance 
between terminals, material of base, etc., but chiefly 
upon exposure to the influence of the air. If a fuse 
is enclosed so that the heat developed in the wire is 
carried away very slowly, the fuse will burn out at 


slightly above its rated capacity; butif the fuse is 


exposed to a cooling blast of airits maximum capacity 
will be much higher. (b) No work should be done on a 
live high-tension alternating-current circuit without rubber 
gloves. Most transformers are now made with remov- 
able fuse-blocks, which may be removed and fused 
and then replaced iu the transformer. Sometimes 
the fuse cut-out is separate from the transformer 
and can be cut off from the main circuit with a 
switch. (c) Turning the handle in a clockwise direc- 
tion cuts in resistance, and the reverse cuts it out. 
This fact can be learned by inspecting the comnec- 
tions, and also by observing the effect produced by 
turning the arm. If the rheostat is in the field- 
circuit of a dynamo, and the voltage of a machine is 
lowered by turning the handle in a clockwise direc- 
tion, then as the voltage of the machine is lowered 
on account of the decreased field-current, it follows 
that more resistance has been introduced into the 
field-circuit by this motion. (d) For a few seconds. 
(e) Carbon. (f) There are nearly as many styles 
of lightning-arresters as there are electric manu- 
facturing companies, but many of them are of the 
magnetic blow-out type. The Westinghouse Com- 
pany manufacture the Wurts ‘*non-arcing metal’”’ 


lightning-arresters. 
xy 


(27) Please give me rules for solving the follow- 
ing problems relating to naval architecture, viz: 
How to find (a) the center of gravity of a vessel, (b) 
its displacement, and (c) the center of gravity of its 
displacement when afloat. 

B. W. R., Oakland, Cal. 


Ans.—(a) In order to determine the center of 
gravity of a vessel, its form, the weight of every part, 
and the weight, form, and position of every portion 
of the load must be known. When these are all 
known, the center of gravity of the loaded vessel 
may be found in the same manner as for any system 
of bodies. (b) The volume of displacement, in cubic 
feet, may be found by dividing the total weight of 
the vessel and its load by the weight of one cubic 
foot of water, which is commonly taken at 62.5 
pounds. (c) If the form of the hull is known, the 
submergence, or draft, can be estimated from the vol- 


ume of the displacement, and, the form of the sub- 


merged portion being known, the center of gravity 
of the displacement may be computed in the same 
manner as for any irregular homogeneous body. For 
an elementary article explaining a method for find- 
ing the center of gravity of a plane section, see HOME 
STUDY MAGAZINE, July, 1897. The center of gravity 
of any transverse or longitudinal section of the dis- 
placement may be found by this method, and the 


method may be applied to finding the center of 
gravity of any system of bodies, by first finding the 
center of gravity and weight of each body. 
* 
* % 

(28) I have one 80-volt lamp taking 0.8 ampere, 
connected up as shown by the full linesin Fig. 1, p 
and n being the mains, 7 a junction-box, and sz being 
the branch-circuit to the lamp/. I wish to know 
how to wire up another lamp ¢in the next room, so 
that it will light up when the first Jamp/ burns out, 
or either one of the fuses s orz blow; but Ido not 
wish the lamp? to burn when the lamp /is all right. 
The wires should all be lead from the junction-box j, 
which is water-tight. R. C., Eastport, Md. 

ANS.—The object may be accomplished by putting 
an electro-magnet m, as shown in Fig. 1, in circuit 


poe enn oe oo oe 


Fhe pm ean ae on ae Sn er in nae eee a ee wy, 


SAAD ESNANNAAN FASANO 


Fig. 1. 


with the lamp /. whose behavior is to be indicated. 
The core cof the magnet m is in the circuit of the 
telltale lamp?. When current passes through the 
lamp /, the electro-magnet m is energized, the core c 
is lifted and no current passes through the lamp t. 
But if a fuse s or z should blow, or the lamp / should 
burn out, so that current ceases to pass through the 
lamp-cireuit, then the magnet m would lose its lift- 
ing power and the corec would drop, thus comple- 
ting the circuit through the lamp?¢. The magnet m 
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Fig. 2. 


need not be in the junction-box, and a bell, operated 
by a battery, may be substituted for the lampt. 
Probably a more satisfactory way would be to con- 
nect up two telltale lamps t and v as shown in Fig. 
2, which will indicate the blowing of a fuse and the 
one which has blown, but will not indicate the 
burning-out of lamp 7. The action is as follows: 
When the fuse sis all right the fuse-terminals have 
practically the same potential, and no appreciable 
amount of current flows through the lamp?; but if 
the fuses blows, then the circuit is still complete 
through the fuse z, the lamp/ and the lampz#, so that 
both lamps ¢ and / will illuminate, but with some- 
what less than one-half their normal brilliancy. 
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(29) I have a wire gauge, which consists of an 
arm swinging about the center of an iron disk, whose 
outer edge is spiral-shaped. The outer end of the 
arm is hook-shaped, and the wire is measured by 
being placed between the hook and the edge; then 
the arm is swung around until the wire is held tight. 
The size of the wire is then read off on one side of the 
disk. On the arm on the other side is found the fol- 
lowing : ‘ al 


xD (a) Where does 


this formula come from, and (bd) how is it used ? 
A. E. E., Pittsburg, Pa. 


ANns.—The formula, or rule, is derived from Ohm’s 
law in a very simple manner. Ohm’s law reads: 

current = voltage + resistance. 

According to rulesin arithmetic, we may multiply 
both sides of the equation by the same number. 
Multiplying by ‘‘resistance’’ we have: 

current * resistance = voltage. 

Likewise, dividing both sides by ‘‘ current,”’ 

resistance = voltage + current. 

Now, resistance is measured in ohms, and the resist- 
ance of a thousand feet, say, of a certain wire is the 
resistance of 1 foot multiplied by 1,000, or the ohms 
per foot multiplied by the distance in feet through 
which the current travels. The rule, then, reads: 

ohms per feet * distance in feet = voltage ~ current. 

But we must get distance in feet to the other side of 
the equation. Then, ohms per foot=_ . 

voltage + (current in amperes X distance in feet). 

The ‘‘ voltage’’ is the pressureexerted between the 
ends of the wire under ‘consideration, and not 
between the mains or generator-terminals, as might 
be supposed. This difference of* pressure between 
the ends of the conductor, or voltage, is commonly 
called the ‘‘drop.’”? (b) Suppose that a dynamo 
runs at 120 volts, and we wish to furnish current to 
110-volt lamps 500 feet from the station; how many 
lamps will a No.0 B.&S. copper wire carry? The 
total distance traveled by the current is 1,000 feet. 
The drop is 10 volts. According to our gauge, or any 
wiring-table, the resistance per foot of No. 0 copper 
wire is .000098 ohms. Putting these values in the 
rule above found, we have 

98 ohms per foot 
1,000,000 
Transposing, 


= ohms per foot.”’ 


he 10 volts drop me 
~~ current < 1,000 feet. 


1,000,000 10 volts drop 


68ohms per ft. * 1,000ft, ~~ 10? 9™P- 
Each 110-volt lamp takes .6 ampere, nearly. So 
number of lamps = 102 amperes -~- .6 =170. 


current = 
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(30) Can. soot from bituminous coal be removed 
from boiler-tubes by chemical means, say by the use 
of zine oxide? H. B. Y., Philadelphia, Pa. 

Ans.—We know of no other way to clean tubes than 
by sweeping by hand or by using a steam-jet. It is 
very doubtful if the use of zine oxide, or any other 
chemical process, would have any beneficial effect in 
removing the soot from the tubes. 


* 
* * 


(31) (a) Can you tell me a quick and efficient 
way to demagnetize the core of a telegraph-sounder? 
(b) What is the cause of the kicking of the sounder, 
when the circuit is closed? (c) Can the smoke or 
steam from a locomotive cause a cross or leakage 
between bare wires? J. H.-P., New York, N. Y. 


ANns.—(a) Iron or steel can be demagnetized by 
heating to a dull red and then permitting the heat to 
die out slowly. (0) If the sounder is on the local 
circuit, its ‘‘kicking’’ is a result of the local current 
being acted upon by the relay, and the trouble is 
probably on the line; but this you can easily learn by 
ascertaining whether the sounder responds immedi- 
ately to the movement of the relay. If the trouble is 
on the line, whether the sounder isin the main circuit 


considerably diminished. 


or not, the kicking may be caused by an intermittent 
short circuit or ground. Perhaps the vibrations of a 
passing locomotive swing a broken leak-wire into an 
electrical contact with your line. (c) Yes; both 
carbon and water are good conductors for such small 
currents, when deposited as a film over the insu- 
lators, pins, and arms, but their vapor will probably 
not affect your line. 
% % 
(32) Can you give me a copy of the Continental 


Code used on Atlantic cables? 
J. H. P., New York, N. Y. 


ANS.— 

A,-— N, —- 
B, — -- - Oo,—-—— 
C,—-—- P, -—-—- 
D, Eee Q, GA SRT Ip iS Ta 
E, - R, -—- 
bt holes ye 
G,——- T, — 
H, - --- U, --— 
I, -- V,---— 
J,-——-— W, --—— 
K, —-— xX, —--— 
L, -—-- Y, —--—— 

_M, —— Z,——-- 
1,-——--— 6, — ---- 
2,--—— o 7,—-—--- 
3, ---—— 8, ———-- 
4,----— 9, ———— - 
5, ----- 0, ———-—— 
Period, - - - - - - 
Comma, - — -— - —- 
Interrogation, - - — — - - 
Exclamation, — — - - — — 
Apostrophe, - — —— — - 
Hyphen, — ----— 
Parenthesis, — - — — - — 
Quotation, -— --— 
Paragraph, -—-—-- 
Understand, - - - —- 
Wait, -—--- 
I don’t understand, - - — — ----——-- 
Cleared out all right, -— --—--—- 
Erase, --- --- --- 


Call signal, — - — - —- — 
End of message, - — - — - —- 


(33) Can you give me any information as to 
whether there is manufactured a practical automatic 
battery cut-out used on a gas-lighting system to pro- 
tect the battery in case of a short circuit or ground ? 

. E. B., Worcester, Mass. 

ANns.—Address Weston Electric Co., New York. If 
the wiring is carefully put up no trouble will be 
experienced from grounds or short circuits. They 
can be easily tested for with a cheap detector gal- 
vanometer. 

x % 

(34) (a) Would you kindly advise me what would 
be the result if the inside pole faces of a 1,040-volt 
alternation were to be planed off 4inch? (b) Why 
does not the primary coil of a transformer short- 
circuit the mains? (c) Whatis the carrying capacity 
of a No. 00 B. & S. cotton-covered copper wire? 

W. K., Tacoma, Washington. 


Ans.—(a) The output of the machine would be 
(ob) An incandescent lamp 
is not said to short-circuit electric mains; no more 
does the primary coil of a transformer which is of 
high ohmic resistance, and also possesses a large 
artificial resistanee due to self-induction, or counter- ° 
electromotive force, generated by the magnetism 
from the primary current. When the secondary 
circuit is open, this counter-electromotive force nearly 
equals the applied, or impressed electromotive force, 
at the primary terminals, so that the real acting 
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electromotive is very small and the current in the 
primary coil is extremely small. (c) About 120 
amperes. ; 
Me y 
* * 

(35) (a) Please state how a two-wire system can 
be changed into a three-wire system, and what size 
wire the positive and negative must be as compared 
with the neutral. (b) Please explain how to find the 
size of cut-out to use when the number of lamps, sizes 
of conductors, etc. are known. (¢) Howmany cells, 
connected in series, will be required to run a 110-volt 
lamp? (d) How many volts are required to kill the 
average man? (e) Is it cheaper to buy current fora 
building using 500 lights, or to generate the current 
in the building and pay a man $8.00 a day to run it? 
(f) Please give directions for making a small battery 
of two cells. J. W. H., Boston, Mass. 


ANS.—(a) To change a two-wire system over to a 
three-wire necessitates running a third wire and 
altering the branch-circuits to correspond. The 
neutral wire is generally one-half the size of the 
negative, or the positive A three-wire system can be 
changed over to a two-wire system by connecting the 
two outside mains to one terminal of a dynamo and 
the neutral to the other terminal of the machine. 
(bo) If the number of lamps is known, the current 
can be immediately calculated. The cut-out chosen 
should be amply large to carry this current, pro- 
vided the design is correctly made. For example, 
suppose that 50 branch-circuits, of No. 14 B. & 8. G. 
wire, extend from a 50-ampere cut-out to 50 lamps, 
which require in all 50 amperes. As the installation 
now stands, is it a proper one? No! For, suppose a 
short circuit occurs between two of the No..14 wires, 
a large quantity of current begins to flow which 
the fuse is able to carry at least for a few seconds 
and which melts the wire and probably grounds the 
system. Or, suppose a short circuit occurs in one of 
the lamp sockets; the abnormal current flows only a 
few moments, but plenty long enough to melt the 
insulation and probably cause a short circuit and 
alsoaground. A short circuit or ground can hardly 
oecur without an are, and an electric arc is fire. (c) See 
answer to question 518, HOME StTuDY MAGAZINE for 
December, 1897. (d) Electricity kills by contracting 
the muscles and stopping the action of the heart ; con- 
sequently it is not volts, but amperes, that kill. The 
amount of current that passes through a body 
depends on the volts applied, the manner of applica- 
tion, and the internal structure of the body. With 
good electrical contact and a continued application, 
two hundred volts direct current may kill some 
persons. Alternating currents apparently keep more 
to the surface of a body, and, consequently, higher 
voltages can be received with less effect, the effect 
decreasing as the number of alternations per second 
is increased. A lineman in Philadelphia recently 
received over one thousand volts, alternating current, 
for a considerable length of time. His escape from 
being killed is due to the fact that the current passed 
through his body on the opposite side to his heart, 
and that the alternating character of the current 
tended to keep.the electricity near the surface of his 
body. By greatly increasing the number of aiterna- 
tions, Tesla has allowed. many thousands of volts to 
be applied to his body without ill effect. (e) You will 
have to consult the prices of the local lighting com- 
pany, and compare figures with the amount that it 
will cost you to generate the current. (jf) See 
answers to questions 290 and 295 HOME Stupy MacG- 
AZINE for August, 1897. 

4 oe 
(36) Is there any way in whichI ean determine 


the absorptive quality of brick or stone? 
F. H. G., Buffalo, N. Y. 


ANS.—See answer to question 451, HOME StTupDY 
MAGAZINE for November, 1? 97. 


(37) Kindly inform me how to make a field-rheo- 
stat, and how much resistance is necessary for a 30- 
horsepower compound-wound dynamo, for incan- 
descent lighting at 110 volts. 

D. H. P., New York, N. Y. 


ANS.—Procure two slate slabs, about 10 inches 
square and ? inch thick, and prepare them for 
mounting on the wrought-iron base e, by the four 3- 
inch corner bolts /. With a common twist-drill, bore 
the four corner holes a in each slab and the wrought- 
iron base. Then drill nine holes nearly but not quite 
through the slabs. Into these holes, cement hooks, 
to be used to support the resistance-coils. The con- 
tacts p should be of brass, but if this isnot convenient, 
stove-bolts may be used. For their reception make 
thirty or forty holes—the more the better. Another 
larger hole must now be drilled at the center for the 
center bolt. Two binding posts at the top of the 
front slate are also to be provided for. The finger g 
should be made of spring brass and wide enough to 
cover two contacts. About 50 feet of No. 14 B. 8. 
galvanized iron wire is then laid out on the floor, and, 
to this, wire taps of No.16 B. & S. insulated copper 

, wire about 14 inches long: 
are soldered at regular 
intervals. There should 
be as many taps as con- 
tacts, one tap. being 
soldered at each end also. 
The iron wire is then 
coiled on mandrels and 
_ afterwards slipped off and 
hung on the hooks pre- 
viously prepared. The 
taps are then connected 
in regular order to the 
farther ends of the con- 
tact-bolts by a nut. Each contact-bolt will then 
have a nut to fasten it to the slab and another imme- 
diately following to hold the wire. A bent piece of 
brass is screwed under the contact, on which the 
lever is now shown to be resting, so that the lever 
can move no farther to the right. One binding post 
is now wired to the last contact—last, when the lever 
is moved around in the direction of p; the other 
binding post is connected with the center plate /. 
The present position of the finger shows all the resist- 
ance cut in. If the box is likely to be subjected to 
vibrations, asbestos rolls may be inserted in the coils. 
A cover is now put around the top, two sides, and 
bottom. This casing should be provided with open- 


_ings for the free access of air for cooling the coils. 


*% 
* *% 

(38) (a) When analternating current of electricity 
is passed through a transformer, is the current 
induced in the secondary ‘‘alternating”’ or ‘‘con- 
tinuous’’? (b) If alternating, is there any appliance 
on the market that will change an alternating cur- 
rent into a direct current? D.L., New York, N.Y. 

ANns.—(a) Alternating. (6) A rotary transformer. 

* 
* *% 

(39) On page 84, December number of HOME 
STUDY FOR THE BUILDING TRADES, in the article 
entitled Constructive Details, it is stated that a 
safety factor of 6 was used in the suspension rods 
of the musicians’ gallery, so that the value accredited 
to each rod would be 18,500 pounds + 6 = 2,250 
pounds. I cannot see why you divided by 6, and 
should think that in order to increase the strength 
of each rod six-fold you would multiply 18,500 
pounds by 6, making the ultimate capacity equal 
81,000 pounds. H.C. L., Starwick, N. J. 


ANS.—As 13,500 pounds was the calculated wltimate 
strength of each suspension rod, it was necessary to 
divide that value by 6 (the safety factor) in order to 
get the load which would be safely sustained by 
each rod. In other words, a value of 2,250 pounds 
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being assigned to each rod, they would each be able 
to carrying siz times this amount before rupture would 


take place. 
x % 


(40) (a) Send rule, if there is any, for jointing 
long timber. (b) How can I test a straight line on a 
board? (c) Can you give me the address of some 
one who carries a line of paper letters? - 

_C.R. P., Baltimore, Md. 

ANs.—(a) A chalk-line is generally employed for 
the purpose. By stretching the chalk-line tightly 
between the nails set to the desired line and snap- 


instrument used for a transmitter and a receiver is 
shown in the sketch, and consists of a bar magnet m 
mounted on the wooden blocks v and w, adjustable 
endwise by the nut and screw n and s. On one end 
is fixed the bobbin b. The ends of the coil are 
brought to two binding posts p. The diaphragm is 
contained in the box d. immediately in front of 
which is the moar a. The diaphragm is about 
one thirty-second of an inch from the end of the 
magnet m. Please explain how this works without a 
battery. C. K. T., Vicksburg, Miss. 


ANs.—Perhaps you have unconsciously placed a 
battery in circuit. If not, the instrument is evidently 


ping it, ds shown in diagram A, the line so made 
will be as nearly true as itis possible to draw it. The 
line may be tested with~a long straight-edge, if so 
desired. (b) To test a straight lineon a board we 
would suggest the method shown indiagram B. It 
will be noticed at ab that the testing-rule employed 
was not astraight-edge, or, in other words, was not 
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true. After fixing the ends to two points a, b, draw 
au line along the edge of the rule,.then reverse the 
rule to take the position indicated by dotted lines, 
keeping the endsof therule on the points a and b. 
Draw alinealong this edge of the rule; then, if a 
line be drawn bisecting the space between these 
lines it will be a straight line. At cd is showna 
straight line drawn with a true straight-edge. (c) 
Address A. Wiggers, 215 East 59th St., New York City. 


* 
% ; 


(41) I have put up a telephone line, about 200 feet 
long, which works well without a battery. The 


forth the sound. 
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well made and the line resistance low. The action 
of the instrument used asa transmitter is as follows: 
The voice striking the diaphragm enclosed in the 
box d causes it to vibrate. The diaphragm, being a 
conductor of magnetism, causes fluctuations in the 
magnetic field at the end and all through the mag- 
netm. These fluctuations of. magnetism in the core 
of the bobbin } induce an alternating, or fluctuating, 
current in the coil b. .This alternating current passes 
over thé line to a similar ‘instrument used as a 
receiver. There the action is reversed. The alter- 
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nating current in the bobbin affects the magnetism, 
which in turn moves the diaphragm, so that it gives 


x % 
(42) Can you tell me of a good book on practical 
blacksmithing ? A. R., Richmond, Va. 


ANSs.—Practical Blacksmithing, in four volumes, by 
M. T. Richardson. This book can be obtained from 
The Technical Supply Co., of Scranton, Pa. 

* 
* * 

(48) Iam a young carpenter of about four years’ 
experience in our village. My father intends to 
build a new house next spring and asked me to draw 
the plans forit during the evenings of this coming 
winter. I have got along pretty well with my draw- 
ing course in The International Correspondence 
Schools, andI think I will be able to make a nice 
set of plans. I would hke to ask you for some infor- 
mation, however, on ‘‘indirect radiation.’? What is 
meant by indirect radiation, and how does it work? 
Kindly give me asketch and explain how I should 
show it in the plans, if need be. 

X. Y., Seymour, Conn. 


Ans.—‘‘Indirect radiation’? is a term used to 
signify that the rooms of the building are warmed 
by radiators which are located elsewhere than in the 
rooms so warmed. When steam or hot-water radia- 
tors are used to heat a building, they are known as 
‘‘ direct radiators’’ if they are located within the 
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rooms, because they thus heat the rooms in the most 
direct manner. With the indirect method, however, 
the heat is conveyed from the radiator tothe room by 
meansof acurrent of air. Indirectradiators are usu- 
ally hung from the cellar-ceiling, and are enclosed in 
a sheet-metal casing (usually No. 20 galvanized sheet 
iron), or a tin-lined wooden casing, which is provided 
with a chamber above and one below the radiator, 
as shownin the figure. Cold air from the outer atmos- 
phere enters the lower chamber through a No. 20 
' galvanized sheet-iron pipe a, called the cold-air duct. 
It then passes up between the sections of the 
radiator b and is heated before it enters the upper 
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chamberc. Another galvanized-iron or bright tin pipe, 
called the hot-air pipe, or duct, joins this chamber to a 
register in the floor or side wall of the room to be 
heated, and thus permits the warm air to rise and 
flow into the room, as shown by thearrows. If you 
decide to show the location of the indirect radiators 
on your plans, you can easily do so by simply draw- 
ing their outlines on the cellar plan. You should 
also locate the boiler and chimney on the same plan. 
This will enable the steam-fitter to give you an 
accurate bid on the work. 
. * 
x * 
(44) I consider the Answers to Inquiries in your 
magazine most interesting. (a) Kindly inform me 
how Spanish tiles are fastened on a roof. (b) How 
are gutters constructed? (c) How are valleys con- 
structed? (d) How are hips constructed? (e) How 
are connections made with gable walls? i) Will 
snow blow through a properly constructed tile roof? 
(g) How does terra-cotta of special design compare 
with stone in cost and durability for outside facings? 
(h) How is the stone hectograph made? 
J. W. R., Hammond, Ind. 
ANS.—(a@) Spanish roofing-tiles are made in two 
styles. One is the plain er> shape with one roll con- 
cave and one convex, and having nail-holes punched 
about lineh from thetop. The other has the same 
shape, and is known as interlocking, which term is 
applied because about 3 inches below the top of 
the tile and below the nail-holes is a neck, or fillet, 


over which the lip of the tileabovelaps. Bothofthese 
tiles are manufactured by some companies with a lug 
or rib cast on the upper under edge by which to hang 
the tile to thelath. The tilesshould be secured tothe | 
roof with two copper nails, as at a, in Fig. 1. To pre- 
pare the roof for the tiles, the following is the usual 
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custom: Sheathe the roof diagonally with roofing- 
boards well nailed at each bearing. Cover the entire 
roof with two-ply felt or roofing-paper, as in Fig. 1. 
Securely nail the tilting-fillets to the roof-boards, 
as at f, Figs. 2, 3, and 5. (b) The gutter at the 
cornice should have a_ galvanized-iron frame, 
or cradle, or, if of cast iron, the frames should 
be cast the shape of the gutter and set at not 
more than 30-inch centers and tied with a band, 
o1 rod, on the outside. The end of the frames 


FIG. 2. 


should extend into the wall and form an anchor. 
The cradle should then be filled in with cement or 
concrete, and covered with roofing-felt. The crown 
molding of 18-ounce copper should next be put in 
place, and the gutter proper, of the same weight 
metal, in lengths of 6 or 8 feet and joined by 
g-inch lock-seams, thoroughly soldered and sweated 
together,.should be placed in the cradle. The inner 
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edge of the gutter should be turned up against the 
plate to the top of the fillet, the outer edge connecting 
with the crown molding in a lock-seam. The lining 
or flashing under the tile should be nailed to the 
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Fig. 3. 


tilting-fillet with copper nails, turned down over 
the fillet and connected with the inner side of the 
gutter by a double-locked seam. (See Fig. 2.) These 
outer and inner seams of the gutter should not be 
soldered, as the expansion and contraction must be 
provided for. It would be well, also, if the gutter is a 
very long one, to pitch it both ways and use a 2-inch 
or 24-inch roll lock-seam at the center, unsoldered, as 
an expansion-joint. (c) The valleys should be con- 
structed of from 16 to 18 0z. copper in not more than 
6-foot lengths, laid with a lock-seam and secured to 
the roof-boards by cleats of copper, soldered or 
sweated on the back of each length, and fastened to 
the roof with copper nails or with copper screws. 
The sides of the valley should be turned up 1 inch 
against the tilting-fillet, bent over its top, and nailed 
securely along its length. The general appearance 
under this treatment will be as in Fig.3. (d) The 
hips do not require any flashings. Nail a 2’ x 5’ strip 
on the angle of the roof, the 5-inch side standing up, 
bring the tile against it, and cover with a hip-roll, as 
in Fig. 4. (e) The connection with the gable-walls 
should be made by first nailing the copper to the 
tilting-fillet and turning it down over the same to the 
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roof and then up against the wall at dJeast 7 inches. 
From the under side of the coping turn down a 6- 
pound lead apron-flashing, overlapping the copper 
3 inches. The vertical part of the roof-flashing 
should be secured to the wall by cleats not more than 
18 or 20 inches apart. The lead apron will be held 
in place by lead plugs 1’ x }’’ at 12-inch centers. 
(f) Snow will not blow through a properly con- 


structed tile roof for the following reasons: The roof 
being boarded and covered with roofing-felt, effectu- 
ally stops the passage of air, and the open space 
under the tiles forms an air cushion, or pocket, which 
prevents any drift. On laths this would not be the 
case, as there would be no backing. A boarded and 
felted roof, if exposed to the air on the under side, 
will last as long as a lath roof if the boards are not 
too closely laid and if the tiles are uncemented. The 
tiles on the eaves, gutters, valleys, hips, and ridges 
should be laid in elastic cement composed of linseed- 
oil, whiting and resin and applied while hot. (g) Terra- 
cotta of special designs in small quantities is always 
more expensive than stone. If, however, the whole 
front is to be of terra-cotta, it will be 18 or 20 per 
cent. cheaper than limestone, and about 30 per cent. 
cheaper than brownstone or bluestone, in a building of 
ordinary width and 5or 6 stories high. Terra-cotta is 
just as durable as stone, and possesses the advantage 
of being absolutely fireproof. (h) A hectograph 
consists of a gelatin pad to which impressions of 
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drawings made in aniline inks are transferred, and 
from which a large number of prints can be taken. 
See the answer to Question 430, in the November, 
1897, number of HOME STuDY MAGAZINE. Hecto- 
graphing upon stone is a similar process, in which a 
polished stone slab ‘is used in lieu of a gelatin pad, 
and to which impressions are transferred from draw- 
ings made with lithographic and other patented inks. 
The formule for making these inks are trade secrets 
and unknown to us. 
% % 

(45) Will you kindly inform me how a narrow 
church-spire can be prevented from swaying in the 
wind? The rafters of the spire seem to be as well 
braced as possible, but, nevertheless, the spire bends 
like a mast in a gale of wind. 

: BUILDER, Washington, D. C. 


ANS.—The swaying of a spire or steeple may be 
prevented by suspending a heavy beam or weight 
from the apex of the spire. The lower the weight 
below the spire the greater will be the stability of the 
structure. The Japanese resort to this mode of 
treating the roofs of their towers as a precaution 
against earthquakes, allowing the beam to swing 
free so as to actasa pendulum, bringing the structure 
back to its perpendicular position after deflection by 
wind or earthquake tremor. Whether a weight so 
swinging actually tends to draw a deflected spire 
back to its perpendicularity or not is doubtful; but 
by attaching a weight to the apex of a spire and 
suspending it some distance below the spire-roof, the 
center of gravity will be lowered in proportion to 
the distance the weight may hang below the natural 
center of gravity of the spire. 
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(46) Iam thinking of using a rope for transmitting 
power. The driver-pulley is 28’ in diameter, the 
driven 36’. The shafts are 10 feet center to center, 
and I intend to use a tighteneron the slack side of 
the rope. Those claiming to have had experience 
say that this arrangement will not work, but that 
the pulleys. should be at least 100 feet apart. Is 
this so? J.R., Kanopolis, Kansas. 


ANS.—You can, of course, use a rope drive in the 
way you propose; but, leaving out of consideration 
all] question of space, it is much preferable to have 
the pulleys farther apart, say 30 feet at least. The 
general practice is to place them much farther apart 
than this, sometimes twice as far, depending on 
circumstances. This is done with a yew to the 
increased weight of rope producing the necessary 
adhesion on the pulley, the sag of the rope at the 
same time increasing the are of contact. (The top 
side, of course, is made the driving side.) The ropes 
should not rest on the bottom but on the sides of the 
grooves, the wedging action thus set up supplying 
the resistance to slipping that is secured in flat-belt 
drivers by means of great initia] tension. The sides 
of the groove may include an angle of 45°, this being 
found to give good results. In a long drive, the 
weight of rope secures the necessary adhesion with- 
out any great initial tightening of the rope. This 
gives a greater life to the rope than would happen in 
your case. The tension pulley or tightener you pro- 
pose to use has an injurious effect on the ropes, 
inducing a reverse bending, although this will per- 
haps not be so marked as in a*longer drive, with, 
consequently, a greater sag. 


x % 

(47) (a) Please tell me how to level across a 
stream 1,500 feet wide, if the water-level is not to be 
depended upon. (b) Where should I establish a 
bench-mark in a city? (c) Where in the country? 
(a) How should Lestablish it in a swamp? (e) In 
raming posts how do I find the distance A B in the 
accompanying diagram? (/f) How do I find where 
to cut mortise at A to carry roof-thighs CA and A E? 
(9g) How dol find length of CA and A E? 

NEW YORK READER. 


'-ANS.—(a) Level across with an engineer’s level 
having a high-power telescope, preferably with a 


_ precise level, such as is used in the United States Coast | 


Survey. In order that the result may be accurate, 
several observations should be taken. If all observa- 
tions are taken from the same side of the river, a cor- 
rection for curvature and refraction should be made. 
For a distance of 1,500 feet, the correetion for the 
earth’s curvature and refraction under ordinary 
atmospheric conditions will be .046 of a foot. This 
correction is to be deducted from the reading of the 
leveling-rod. If observations are taken from both 
_ sides of the river, however, the error due to curvature 
and refraction may be eliminated by taking a mean 
of the results obtained by the observations from 
opposite directions. (b) and (c) On any permanent 
and well-defined object, such as the water-table of a 
public building, or upon a stone monument planted 
in the ground. The water-table of a stone or brick 
dwelling-house will do, but the more permanent and 
sharply defined the object is, the better. (d) Cut 
into the root of a large tree in such a manner 
as to make a projection shaped somewhat like an 
inverted letter V, the top coming to a well-defined 
point, and drive a tack in the top on which to hold 
the rod. Blaze the top of the tree so it can be found 
easily, and, in order to easily distinguish it from 
other blazed trees, mark the letters B. M. on the blaze 
with red chalk. If the bench-mark is to be used 
frequently, itis a good plan to also mark its eleva- 
tion on the blaze. Keep an accurate record of the 
position and elevation of each bench-mark, with a 


sufficient description to positively identify it. For 


any system of levels, the elevation of “the bench- 
mark from which the levels are started must be 
either assumed or obtained from some other system 
of levels. It is a common practice to assume the 


. 


elevation of this primary bench-mark at such a dis- 
tance above base that the elevation of every point in 
the system will’ be above base, thus avoiding nega- 
tive elevations; an elevation of 100 feet is often 
assumed for the primary bench-mark. For locations 
near tide-water it is becoming a quite general prac- 
tice to base the elevations of bench-marks upon the 
elevation of mean tide, and this practice is to be 
commended. 

BFXCD+DFXEF 


(e) Distance A B = ae 
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A E=>>V (DF) +(CD— EF). 

(f) . The position of the mortise in the upright A B 
can best be found by marking off from the pieces C A 
and A E. 

% 
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(48) Referring to the answer to!’ question 241 
which appeared in the July number of HOME Stupy 
MAGAZINE, how was the constant angle 74° 46’ 15” 
obtained ? 

J. L. MeL., San Marcos, Texas. 


Ans.—Let y be the circular measure of the angle 
A; then, bp = are acb = (circumference — are azb) 
2 Dp 20d(e—y) ° - 

And tan-y = re ag =: Sai ig 
2(7—y). This equation tan y = 2(m7 — y) determines 
the angle y, or A; this equation can only be solved 


=200(r—y). 


by trial. As the angle y increases from o to = tan y 


increases from o to infinity; and 2(m— y) decreases 
from 27 to m,or : 
from 6.28318 to 


3.14159. Hence, 

tan y must lie be- 

tween 6.28318 and . 

3.14159. Froma . 
table’of natural Po 
tangents, tan sl 

74° 46’ = 3.67217 ; a 


from a table of 

circular measures of angles, circular measure of 
2(180° — 74° 46’) = circular measure of 2(105°14’) = 
3.67334. Since tan 74° 46’ is less than the circular 
measure of 2(180° — 74° 46’), this angle is too small. 
A second trial gives tan 74° 46’ 15’ = 3.67322, and 
circular measure Of 2(180° — 74° 46’ 15’’) = 3.67820. 
Therefore, A = 74° 46/ 15/’. 
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- [eading Articles 


PUBLISHED 


IN VOLUME II 
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Home study Magazine 


R THE BENEFIT OF READERS who desire copies of those numbers 
which contain articles of special interest to them, the following general 
index of the second volume of Home Stupy MaGazineE has been prepared. 

In this index, the number of the issue in which each article appeared is 
given, so that those who have not subscribed for the whole of Volume II can 
ascertain what articles have been published during the past. year, and in what 
issue each appeared; while those who have all twelve numbers (from February, 
1897, to January, 1898, inclusive) will perhaps appreciate more fully the value 
of some of the articles they have not yet read. 
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INDEX OF ARTICLES ARRANGED ACCORDING 
TO SUBJECTS. 


(Showing the Number of the Issue in Which Each Article Appeared.) 
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ADVERTISEMENTS. 


Leading Articles Published in. Volume: II of Home Study Magazine. 


(CONTINUED. ) 
ARCHITECTURE. Published in Number. 
Published in Number. | The Prony Brake .......-.--:sccceeetteeete reteset tees 6 
The Oper Fireplace... 5.1.1 eh ee 3 ee ee oe a ue nen iis tits. 225 er ae : 
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Thickness of Brick Sewers.....................000:0005 4 | Springs for Rolling-Stock.......-.....0000 ee. 12 
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How to Keep Field Level Notes............................. 4 
Different Forms of Bridge Trusses.......................... 1 MISCELLANEOUS. 
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Adjustment of the Wye Level.........0.00000.0...... 7 | Obstructions in Pneumatic Tubes 8 
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House Drainage System .:........................0 82s g | Bducation ........... i... eters ects tte 12 
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BUM TINIE 5 Soo hk hd agp pe ase 12 | gtrange Things About Combustion...................... 4 
How to Lay Out Gear-Teeth............ 6,7, 8,9, 10, 12 | Frumidity of the Ain............cccccccecce cece eect en 4 
Accurate’ Pencil Drawing ............../....0....8 8, 9 | Curious Variations of the Calendar...................... 4 
Science and Common Semseé............0..0000.5..... ccc 5 
ELECTRICAL ENGINEERING. The, Martie eis taes «seks Si cc cee 6 
Ether Waves and Roentgen Rays................... 5 | The Presence of Airin Water.............000.00..000000... 6 
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Leading Articles Published in Volume II of Home Study Magazine. 
(CONTINUED. ) 
- | 
HE ARTICLES IN HOME STUDY MAGAZINE are written in 
* 


such clear and simple language that none can fail to understand them. 

They are primarily intended for the benefit of those who desire to 

improve their knowledge of the theory of their trades and professions, 
but will be found of interest to men of education, being presented in new and 
attractive form. The illustrations are much superior to those usually found in 
technical journals. 


MECHANICAL AND ARCHITECTURAL DRAWING 
EXERCISES. 


The Mechanical and Architectural Drawing Exercises afford an opportunity 
to secure free instruction in Drawing. One issue of Volume II contains an 
Architectural Drawing Plate; the others contain Mechanical Drawing Plates, and 
in every case full futeuotions are given for making the drawing. dubectitior 
are invited to draw these plates and send them in to the office for correction 
and criticism, all plates so received being corrected and returned to those 
who furnish return postage. The plates all present details of practical work, 
and will be found of value not only to the student but to the Architect Sed 
Mechanical Engineer. — 


ANSWERS TO INQUIRIES. | 


Every number contains from 8 to 16 pages devoted exclusively to Answers 
to Inquiries. These inquiries are extremely varied in character, and relate to 
Physics, Mechanics and Mechanical Engineering, Steam Engineering, Civil 
Engineering, Electrical Engineering, Building and Architecture, Plumbing, 
Heating and Ventilation, Algebra, Geometry, and Trigonometry, besides 
processes of manufacture, etc. The solutions are in many cases accompanied by 
sketches and aul uatratione and are so framed as to be of Beer interest to the 
readers of the magazine. 

Any number of Volume II will be sent on receipt of fifteen cents, or the 
whole Volume, twelve numbers, for $1.50. The whole twelve rihinbers of 
Volume II, handvamealy bound in cloth, will be sent by express, prepaid, 
for $2.50. Remit by draft, P. O. order, or registered letter. Postage stamps 
taken for subscriptions. Address, 
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Pioncer Electrical Journal of America. 
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MOST POPULAR OF TECHNICAL PERIODICALS. 


THE ELECTRICAL WORLD is the largest, most handsomely illustrated and most widely circu- 
lated journal of its kind in the world. 

It is noted for its popular treatment of subjects in simple language, devoid of technicalities. 

THE ELECTRICAL WORLD devotes a large part of its space to alternating and multiphased cur- 
rents—subjects that no one who wishes to keep up the latest practice can afford to neglect, and which no 
other electrical journal in the world treats so fully—while the weekly digest of current technical elec- 
trical literature gives a complete resume of current progress in electrical science and its application. 


Subscription, “tre"Guited states, Canada or Mexico, $3.00 a Year. 
pene Copies BOOKS ON ELECTRICAL SUBJECTS. wn Gnnae 


There is no work relating to gates 4 street perwaye or kindred subjects that is not either pub- 
lished or for sale at the office of THE ELECT ICAL WO 

re hom to y mailed to any address, postage seciend, on receipt of price. Catalogue and informa- 
tion free. Address and make orders payable 'to 


THE W. J. JOHNSTON COMPANY 253 Broadway, New York. 


GroRGE I. Roperts & Bros. 
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We INCORPORATED. 
want 
10,000 new CONTRACTING ENGINEERS. 
subscribers 3 
and are there- Steam, Power and Electric 
fore making a spe- 
cial trial rate, for a Plants 


limited time, which you 
can find out about by writ- 
ing us. If interested in 
electricity send for free sample MANUFACTUSERS OF 


~WESTERK ELBOTRICIAN.Y |S'EAM SPECIALTIES. 


When you see the sample you’ll want 
it every week. We can fill orders 
for any electrical book pub- Steam, Gas, Water and 
lished, on receipt of price. 


Send for catalog. Electric Plants. 


Electrician Pub. Co., 
510 Marquette, 
Chicago. 


471-473 Fourth Ave., 


NEW YORK CITY. 
K 


TELEPHONES: 


I1125-38th Street. 1126-38th Street. 1127-38th Street 


XII ADVERTISEMENTS. 


Send {5 Cents for a 3 Months’ trial subscription to 


THE 


Book- keeper 


~> @ & 


THE SANITARY 


HEADING -e\/ENmIATING FNGINGER 


| JHE BRIGHTEST PAPER... 


DEVOTED TO THE PLUMBING AND 
HEATING TRADES. . 


Plumber Publishing Co., 


13 ASTOR PLACE, NEW YORK. 


Sample copies free. Subscription price, $2.00 per annum. 
Send for Premium Offer. 


Dixon's Y. Y. ¥. H. Pencil, No. 249, 


is superior to the very finest imported pencil for making 
fine black lines, clear and distinct. Lines do not smut, 
and have no feather edges. Unequaled wherever a first- 
class hard pencil is required. ention HoME STUDY 


A handsome 100-page journal 
devoted to the interests of Book- 
Keepers, Cashiers and Business 
men generally. If you want to © 
keep abreast the times, you must 
be a subscriber. | pacts RA 


Subscription price only $1.00 a year. Address, 


THE BOOK-KEEPER CO., Ltd., Detroit, Mich. 


COMPLETE MINERAL 
CATALOGUE 22228 28 


vings. Contains a table 
tion and form of all known minerals, with a supplement, 
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giving name, composi- 
bringing the work up to date; a new metallic classifica- 
tion, showing what minerals contain each element; 
alphabetical index of names; lists giving the specimen 
values of minerals, ete., etc. For the use of students, 
prospectors, mining experts, chemists and others. Prices 
postpaid : Paper bound, 25c. ; Cloth, 50c. ; Calf, interleaved, $1. 


Published by DR. A. E. FOOTE. | 


Mineral Specimens. 
Price Lists Free. 1317 Arch St., Philadelphia, Pa., U. S. 
Established 1876. ; te: Ryabt: 


Sets of Ores for Reference, etc., 43 } 


MAGAZINE, and send 12 cents for samples worth double 
the money. 


JOSEPH DIXON CRUCIBLE CO., Jersey City, N. J. 
Lowest Cash Discounts allow- 
edon Architectural, Scientific, 


ISCOUNT Electrical, Mechanical, Indus- 


ees trial and Technical Books. 
Catalogue and Discount Sheet 
Free WM.T.COMSTOCK, 23 Warren St ,New York. 


Who Has the Oldest 
Sewing  {,. 
Machine ? 


We will give one hundred latest improved Singer Sewing Machines 
in even exchange for an equal’ number of the oldest sewing machines of 
any make, now in family use. Awards to be decided from applications 
sent to us. before March 1, 1898. ‘The new machines will be delivered with- 
in 30 days thereafter. 


A new “Singer” given 


in exchange for it. 


All you have to do 7s to send this information on a postal card ; (1) your name; 
(2) location of your residence ; (3) post-office address ; (4) name of your machine; 
(5) its factory number ; (6) length of time in use ; (7) paper in which you saw this. 
Send details in this exact order on a postal card — don’t senda letter —and put 
nothing else on the postal card but the information desired. 


This is no. guessing contest requiring a’ payment, a subscription, 
or a personal service of any sort. If you own. an old sewing machine, 
you have only to send the requisite information in order to compete for a 
prize worth having. It costs absolutely nothing but.a postal card, which 
may bring to your door the best sewing machine in the world in exchange 
for your old one. 
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THE SINGER MANUFACTURING CO, 


P.O. Box 1814, New York City. 
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. THe ART INTERCHANGE, 
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The Art Interchange 


The Ablest, Best and Most Progressive Art and 
Household Monthly Magazine. 


Indispensable to Art Workers and an invaluable guide in ALL 
BRANCHES OF HOME DECORATION. 


No Home Complete Without It. 


Each number lavishly and beautifully illustrated and accom- 
panied by large, full-size design supplements and exquisite fac- 
similes of oil and water-color paintings. 35e. per copy, at all 
dealers. Yearly Subscription, $4.00. Trial, three months, $1.00. 


Our Special Winter Offer. 


For $1.00 will be sent to every one mentioning the Feb., ’98, 
HomE Stupy, 6 attractive numbers of THE ART INTERCHANGE, 
all beautifully illustrated and full of most valuable information 
on art matters and practical suggestions in all branches of Home 
Decoration, together with 12 design supplements and 12 superb 
oil and water-color pictures. This generous offer includes our 
beautiful companion pictures,—Roses, Violets, Pansies and 
Chrysanthemums (each 84 x 35 ins.), as well as landscapes, 
figures, etc. 

The pictures alone, at catalogue prices, sell for $3.75. They 
make beautiful subjects for framing, and are admirably adapted 
for copying. 

Order now before the supply is exhausted. This splendid 
offer willbe given FREE to any one remitting at once $4.00 for 
one year’s subscription; or, you may send $1.00 now for the 
offer, and remit $3.00 later for a full year. 


SPECIAL SUBSCRIPTION OFFER TO 
READERS OFEHOME STUDY MAGAZINE. 


For $2.00 (sent direct to us) you will receive THE ART INTER- 
CHANGE for six months, beginning Jan., 1898, and will get in 
addition, FREE, the Oct., Nov.,and Dec., ’97, numbers, accom- 
panied by all the beautiful color and other supplements. By 
taking advantage of this offer now you get nine months for $2.00 
—with 18 color pictures and 18 design subjects. 


1898 CATALOGUE OF OVER 200 SUBJECTS FREE. 
152 W. 23pD SrT., N. Y. 


er 


? 


-HOOCHH HHS HSHSHSHHHHHSHHHHHHHHHHHHHHCHHFTHHTHHH HHH HH HH 


Hr eee eee eee eee eee ese seseseeseeveeoiwk 


PLACER 
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A Handbook for Klondike and 
Other Miners and Prospectors, 
With Introductory Chapters 
regarding the recent Gold Discoy- 
eries in the Yukon Valley, the 
Routes to the Gold Fields, Outfit 
Required, and Mining Regulations 
of Alaska and the Canadian 
Yukon. 


ALSO A MAP OF THE 
YUKON VALLEY & # 


Embracing all the Information 
Obtainable from Reliable Sources 
up to December 1, 1897. 


149 Pages, Fully Illustrated. 


PRICE $1.00, POSTPAID. 


The Colliery Engineer Co., 
| SCRANTON, PA. 
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No Play ... 


Makes Jack a Dull Boy.”’ 


Don’t study ALLthetime! Take aday off, once 
in a while, and go shooting or fishing. 


Read Gameland, 


the monthly magazine for sportsmen ; beautifully 
illustrated with fine half-tone engravings of 
hunting and angling scenes. , 


SAMPLE COPY FREE. 


Send for one! Three months’ trial subscrip- 
tion, twenty cents. Yearly subscription, one 
dollar. 


&a> Fine briar-root, bull-dog pipe, worth $1.50, 
given to any one sending us two yearly sub- 
scriptions. $5.00 pocket kodak for six subscrip- 
tions. SEND FOR PREMIUM LIST. 


GAMELAND PUBLISHING CO., 


INCORPORATED, 
63 Rutgers Slip, NEW YORK CITY. 
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“w || {STUDENTS 


of railroading, as well as those 
who are engaged in railroading, 
need our books. They are recog- 
nized as standards, and all con- 
tain the most valuable correct 
information. 


$7.00 
$5.00 
$3.50 


Modern Locomotives, - -. 
Car Builders’ Dictionary, “- 
Catechism of the Locomotive, 


AND OTHERS. 


We will be glad to send you a 
circular of books and a sample 
copy of the RAILROAD GAZETTE, 
upon receiving your request for 
same. Address, Book. Depart- 
ment, 


Railroad Gazette, 


32 PARK PLACE, NEW YORK, N. Y. 
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WE HAVE JUST ISSUED A 


NEW CATALOGUE 


452. P ages—l* being en- 


tirely new. 
New styles of Steel Rules. 
New Squares. New Screw 
Pitch Gauges. New Steel 
Clamps. New Nail Sets. 
New Center Punches. New 
Scribers. New Levels. 
Over 30 different Microm- 
eter Calipers. 


CATALOGUE FREE. ASK FOR IT. 
THE L.S. 
STARRETT 
Co., Box 92, 
ATHOL, MASS., U. S. A. 
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$999 69469690608 


Just What You Want! 


CATALOGUE,”’’ 


“THE TOOL 


1898 Edition. Over 500 pages, with discount sheet. 
MONTGOMERY & CO., 


1oO5S5 Fulton Street, 


Keuffel & Esser Co., DRAWING 
wew york. MALERIALS. 


We are recognized as the leading house in our line and 
enjoy the patronage of the best members of the professions. 

We are supplying, directly or indirectly, nearly all of 
the larger and most of the smaller schools using goods in 
our line. 

Our goods are warranted to be in all cases exactly as 


described in our catalogue, and selection there offered is 


made with intimate knowledge of the subject. 

We make or control most of the goods we offer, which 
are different from and superior to other goods. 

Our most complete and reliable catalogue of 400 pages 
will be sent free to applicants. 


SPECIAL TERMS TO STUDENTS. 


eoooooooooooos| Hoy to Build a Home, 


By F. C. MOORE, 


Being suggestions as to safety from fire, 
safety to health, comfort, con- 
venience, durability, 
and economy. 


Hy 


CONTENTS: Preface—The Land and Grading— 
The Building—Inside the House—The Comforts of Home— 
Finishing Work—A Practical Example—Simple Specifi- 
cations—Some General Forms of Contract for the Entire 
Work—Recapitulation—Authorities Consulted—Index. 


158 PAGES, 
NUMEROUS PLANS AND ILLUSTRATIONS, 
12m0., DECORATED BOARD COVERS. 
PRICE, $1.00. 


THE TECHNICAL SUPPLY COMPANY, 


SCRANTON, PA. 


As handy to you as a dictionary iS 
——— to a schoolboy. 


Sent postpaid on receipt of 25 cents. 


The Tool Dealers, 
NEW YORK CITY. 


Drawing Instruments, 


T-SQUARES, TRIANGLES, 
DRAWING BOARDS, 
CURVES, THUMB TACKS, 
DRAWING 
AND TRACING PAPERS. 


BLUE PROCESS PAPERS 


——AND—— 
COMPLETE SUN PRINTING OUTFITS. 


Surveying Instruments, Etc. 


TABLES, 


KOLESCH & CoO., 


155 Fulton St., NEW YORK. 
Send 2-cent stamp for Catalogue. 


THE PASSAIC ROLLING MILL CO., 


PATERSON, N. J. 


? Structural Steel 


MANUFACTURERS——-CONTRACTORS——ENGINEERS. 


For Fire Proof Buildings 
—====and Bridges.——— 


~~: 


